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PREFACE. 

In response to the frequently expressed wish of many of the most eminent gas 
engineers of the day, the author has collected some of the more important of his 
writings relating to the construction of, and the strains upon, the principal apparatus in 
gas-works. Scattered as the papers were in the pages of the " Journal of Gas Lighting," 
they were unavailable for ready reference. It is hoped, therefore, that in the compact 
form in which they are now presented, they may prove of more service to the gas engi- 
neering profession generally. 

The greater part of the book treats of gasholders, as being, from an engineering 
point of view, the most important iron structures on gas-works. It is assumed that 
the reader has a somewhat intimate and practical acquaintance with the construction 
and purpose of gas-works apparatus ; therefore, mere description or definition of 
technical terms is purposely avoided. 

The diagrams are merely skeleton outlines, sufficient for the elucidation of the 
strains on the structures treated of ; and are more useful for the purpose than intricate 
sketches teeming with detail. 

Although a great deal has been written and said upon gasholders,* yet the 
author thinks himself justified in claiming that this is the first attempt to put in a 
reliable, practical, and handy form, the nature and method of determining strains in 
those very complicated structures. The rules given and the calculations involved are 

* In this oonnection, special mention must be made of the leport of Mr. £. Baker, M. Inst. C.E., 
on the strains upon the South Metropolitan gasholder in the Old Kent Road, as given in the *' Journal 
OF Oas Lighting," Vol. XXXVII., p. 141. 
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arithmetical problems of the simplest kind ; and a difl&cuit study in itself is thus 
presented in the easiest possible light. 

Much might be said upon the history of gasholder construction : The gradual 
development of gasholders from a few feet in diameter to the mammoth struc- 
ture at East Greenwich, erected in 1888 by Mr. George Livesey ; the various fashions 
and tastes that have prevailed; the decline of the old columnal system, and the 
gradual advance and acknowledgment of the cylindrical principle of guide-framing, 
first introduced by Mr. Livesey, in 1878, at the Old Kent Road ; the partial 
abolition of guide-framing, as proposed by Mr. Livesey as long ago as 1881 (a gas- 
holder constructed on this principle has been working since 1887 at Rotherhithe) ; 
and, finally, the proposed entire abolition of guide-framing — first suggested, by 
Mr. W. H. Y. Webber, in 1887 — shortly to be tested by practical working on 
Mr. Gadd's principle, at Northwich. 

This latter proposal — viz., the entire abolition of guide-framing — can only 
be made possible of success by adopting a special arrangement of tank-guides 
and bottom rollers, such as will secure a perfecthj level and rigid bane for the 
holder as it rises and falls. 

Since the papers contained in this volume (which, of course, refer to 
vertical guides only) were written, various schemes have been devised to 
accomplish this primary and essential condition ; Mr. Gadd leading the way in 
August, 1888, with his inclined or spiral tank-guides, followed closely by 
Mr. Livesey, Mr. Terrace, and Mr. Pease. 

Presuming that the perfectly level working and rigid base can be secured, 
there is still to be considered the tendency of the holder to distort out of the 
cylindrical form horizontally, which must be met by increased strength, con- 
siderably beyond wh^,t is usual, in the framework of the bolder. 
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PREFACE. vii 

These points will be decided on a practical scale, for gasholders of 
small size and of two lifts only, when Mr. Gadd's gasholder at Northwich 
has been subjected to the test of the strongest wind. It must not only suc- 
cessfully resist destruction and over-straining, but work healthily with but a 
reasonable amount of wear and tear, when subject to the vicissitudes of gas- 
holder life. 

These few remarks on the growth of gasholder construction, although somewhat 
digressive, are sufficient to show the great interest taken in this fascinating subject by 
gas engineers. 

The papers referring to the strains on purifiers are, I believe, the only ones of the 
kind published. 

In preparing the articles for the present work, the Author has taken the oppor- 
tunity of revising the whole — correcting and extending them where necessary, and of 
adding much new matter. He trusts, therefore, they may be found worthy of a con- 
tinuance of the favour which has already been accorded to them. 

F. S. C. 

Sutton, Surrey, Octobery 1889. 
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THE GUIDE-FRAMING OF GASHOLDERS. 



IN the four following articles, it is assumed that the reader is somewhat acquainted 
with the construction of gasholders, together with the names applied to their 
various parts. It would be contrary to the writer's intention to enter into 
any elaborate elementary treatise on the details of design or manufacture. Not only 
would it overburden and confuse the matter contained in the articles, but it is 
information readily accessible to any practical engineer connected with the design and 
manufacture of gasholders.^ The object of these papers may, therefore, be . stated 
briefly to be as follows :— 

(1) To show, in the simplest possible manner, the principles relating to strength 

of gasholders, and the manner in which they are affected by varying the 
design. 

(2) To give ready rules for determining the strains on the guide-framing for 

gasholders under different conditions ; also the floating holder, as far as it 
is affected by alteration in the guide-framing. 
(8) To show the extent to which the present-guide-framing can be modified as 
regards height ; and the advantage or disadvantage likely to result from 
such practice. 

^ In this oonneotion, ref erenoe may be made to the description and working drawings of the 
Sydney Gasholder, which, are now to be had in pamphlet form. As the Journal of Gas Lighting has 
remarked, there is nothing particularly original aboat the general design of this gasholder ; it is an 
example of ordinary modem practice, but with this additional advantage — ^the drawings given are 
the drawings which were actually used in the shops by the workmen, everything necessary for the 
actual making of the holder being shown thereon. 

The following descriptions and drawings of practical gasholder work may also be consulted : — 
Mr. G. Livesey's Description and Drawings of the South Metropolitan Gasholder, Old EentBoad. 
Mr. G. Livesey's Paper on the Principles of Gasholder Construction. {See Transactions of The 

Gas Institute, 1888.) 
Mr. Charles Hunt's Description and Drawings of the two large Gasholders at Birmingham. 
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THE GUIDE-FRAMING OF GASHOLDERS. 



FIBST AETICLE. 
STABILITY. 

The question of guide-framing to gasholders is not one that can be dealt with 
exhaustively in a single article. Guide-framing varies so much in form, and the 
conditions under which it acts are likewise so variable, that the present article does not 
pretend to determine the actual strain upon each of its parts, severally and in detail 
but rather treats of the stability of the structure as a whole. 




Fig. 1. 

Let fig. 1 represent a telescope gasholder, in section, and in its normal condition — 
that is, not acted upon by the tilting forces wind and snow. The forces acting upon 
the gasholder when floating, as shown in the diagram, are : 

(1) The weight of each of the lifts— viz., W Wj and Wj respectively. The 
weight of each is assumed to be concentrated at its centre of gravity, and 
acts vertically downwards, as shown by the arrows. 
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THE GUIDE-FRAMING OF GASHOLDERS. 3 

(2) The total lifting pressure of the gas O. This is, of coarse, equal to the sum 

of W Wi and Wa, and acts vertically upwards, through the centre of 

buoyancy. The centre of buoyancy is on the vertical line passing through 

W Wi and.Wa, as long as the gasholder remains vertical. It is situated 

about midway between the crown of the holder and the water-level in the 

tank.* The pressure of the gas on the sides is, of course, self-balancing. 

These forces, it will be noticed, hold the body in equilibrium as long as the axis is 

vertical, as they then balance one another. The equilibrium is unstable, however ; 

for the addition of another force sideways, however slight, would upset it — ^the centre 

of gravity of the holder being above the centre of buoyancy. 

But omitting for the present the upsetting forces — ^wind and snow — it would 
at first sight appear that the holder would rise and be sustained in equilibrium without 
any guide-framing at all. Indeed, theoretically ^ it would rise and work without even 
any rollers or guides of any kind ; but this would entail impossible coQditions — ^viz. (1) 
That each lift should in itself be perfectly rigid ; (2) each lift should be perfectly 
balanced, not a pound more weight one side than the other ; (8) Motionless working 
and perfect fit. None of these conditions exist, or ever will exist perfectly, in any 
gasholder. A holder may be practically rigid, and each lift may for all intents and 
purposes be in balance, and the friction due to pressure of rollers (assuming there are 
rollers) more on one part than another — caused by (1) uneven path ; (2) guides out of 
the vertical ; (8) rollers put closer up to work in one point than another ; and (4) 
binding of axles in some places — ^may be reduced to a minimum ; but if these defects 
exist ever so slightly, there is a tendency to tiU. If there is nothing to meet and 
balance this tendency to tilt, it will tilt ; and when once it starts tilting, the tendency 
to tilt increases — ^the conditions which then arise becoming more and more unfavourable 
for preserving equilibrium. [See Note A, page 9.] 

It is therefore absolutely necessary to have guiding and controlling power over the 
holder, even supposing the foregoing forces to bo the only ones acting upon it. The 
extent of guide-framing necessary would appear, at first sight, very slight to overcome 
this, but the cup rollers inside, working against gasholder sides, and the bottom rollers 
working against the side of the tank, are, by themselves, inadequate to preserve the 
vertical working of the holder. The bottom rollers only touch the tank guides on one 
horizontal circle, in one plane — ^as regards contact with the guides — and as one circle 

* It has been stated that the centre of buoyancy is at a point very muoh lower down the axis — 
aknost to the water-level. Fig. 3 (page 10) would seem to f ayour this view ; and no doabt it is more 
strictly accurate. It is of very little account, however, as it scarcely touches the question ; and where it 
does fl^eot the oondusions arrived at in this article, it is only to more strongly enforce them. 

B 2 
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4 THE GUIDE-FRAMING OF GASHOLDERS, 

will revolve v.ithin another of equal size on its diameter without cutting it, it is evident 
that one-half of the bottom rollers can, by the tilting of the holder, fall away, and the 
other half rise away from contact with the guides ; the gasholder swivelling, as it were, 
on two rollers diametrically opposite. There is therefore practically no resistance to 
tilting. To get this, there must be two tiers of rollers to each lift of the gasholder, one 
above the other, running in the guides. The tilting can then only take place just so 
far as the play in the rollers, or the elasticity of the structure, will allow. This, 
however, is by no means an insignificant item. It is impossible to get perfect roller- 
contact, constantly f for all positions of the holder. They would have to be very close up 
and tight (which very tightness carries its own evils with it). There is almost bound 
to be ^-inch play here and there at least ; and apart from structural defects, variations 
in temperature will alone effect more difference than this. This would admit of a 
large gasholder getting 2 or 8 inches out of level, even supposing the rollers were 
20 feet from tier to tier. When you add to this certain 2 or 8 inches, the extra amount 
due to the elasticity of the structure either in its own framing or the external guide- 
framing, the spring of carriages, the racking at joints, and above all the strain caused 
by the leverage of the tower of lifts above (without any side support), this 2 or 8 inches 
is more likely to develop into 8 or 9 inches. As excessive wear, due to abnormal strain, 
is brought to bear upon the roller axles and all working parts, the friction and play is 
increased, and ultimately the destruction of the holder necessarily follows.''' 

It is well known amongst experienced gasholder makers who have had occasion to 
build very shallow gasholders, that it is not possible to make them work at all, unless 
the depth of each lift exceeds one-seventh of the diameter, without throwing in an 
immense amount of material to get rigidity and strength to resist the enormous tilting 
tendency, even without considering the effect of wind or snow acting upon them. It 
is better, however, to make the limit of shallowness, as Mr. Livesey says, one-fourth or 
(at the outside) one-fifth of the diameter. 

From the foregoing we may draw the following conclusions : — 

(/) That gasholders cannot work at all without at least two tiers of rollers 
to each lift; thereby necessitating guide-framing. 

* Mach of the above would appear self-evident, bat so much misunderstanding has been expressed 
on this subject that I have discussed it somewhat fully. For more on this question of play in bottom 
rollers, tilting scope, elasticity of structure, &c„ see Mr. G. Livesey's letter in the Journal of Gas 
Lighting for April 26, 1887f the discussion on Mr. W. H. Y. Webber's paper at the meeting of The Gas 
Institute in Glasgow, Mr. W. Gadd's article on ** The Guide-Framing of Gasholders " {Journal^ Vol. L. 
p. 831), and subsequent correspondence in the Journal— more particularly my letters of Aug. 30 i^d 
Sept. 13, 1887, and Aug. 14, 1888, signed " Theory and Practice," 
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{2) That slnile-llft gasholders cannot work safely without sufficient depth of 
iulde-framlng. 

(3) That unless the depth exceeds one-seventh of the diameter, mueh waste 

of material Is necessitated. - 

(4) That a telescope gasholder Is even worse, unless the guide-framing 

exceeds one-seventh of the diameter In height, owing to lever tower. 
(6) Even without wind pressure or weight of snow, the above Is true— much 
more so with. 

SHORT GUEDE-FRAMING. 

We will now pass on to the consideration of gasholders with only partial guide- 
framing — Le.f the guide-framing not carried higher than the outer lifts, and the inner 
lift rising above the top of the guide-framing when the gasholder is fully cupped. 

Hitherto we have not considered the effect of wind or snow, because the points 
could be proved without calling them to our aid. Now, however, we will assume that 
the guide-framing is sufficiently high (say, not less than one-fourth the diameter of the 
gasholder) to insure safety from tilting dangerously from any of the causes previously 
considered. 




Fio. 2. 



The question now assumes a more complex character ; but it can be elucidated by 
the aid of the accompanying diagrams. 

Fig. 2 represents a telescope gasholder in section, at its full height, with guide- 
framing reaching to the top of the middle lift. The arrows indicate the direction of 
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the various forces acting upon it, which, for convenience, we will enumerate as 
follows : — 

(1) W Wi and Wg represent the weights of the inner, middle, and outer lifts 

respectively, as before described. 

(2) G is the total lifting pressure of the gas, which is equal to W + Wi + W„ 

and acts vertically at the centre of buoyancy, as before described. G is 
increased in magnitude, however, wh^n P and S are added to the forces, as 
will be shown. [See Note B, page 11.] 

(8) P = the pressure of wind (total). To be on the safe side, we will take this, 

after allowing for the cylindrical shape of the holder, &c., to equal 16 lbs. 

per square foot over the entire diametral section = J) x d x 16 (where 

D and d represent the diameter and depth of the inner lift) when one lift 

only is free.''' Pi and Ps are the pressures of wind on the middle and outer 

lifts. F is the horizontal reaction to P on inner lift ; and is equal to P. 

(4) S = the pressure of snow. It is a very dangerous tilting force w:hen it lies on 

one side of the top, and may possibly equal a mean of 5 lbs. per square 

foot (say, 1 foot thick) over one-fourth of the area, the centre of gravity of 

which would be (say) one-sixth of the diameter from the edge of the holder. 

In considering the eflfect of these forces acting upon the gasholder, we may for 

the present banish from our minds the idea of the cylindrical form of the structure, and 

look upon it as being three rigid rectangles, lying in one vertical plane — ^that is, rigid in 

themselves only, not necessarily in their connection with one another. It is a question 

to be dealt with further on, as to the rigidity of each of the lifts — i.e., their liability to 

rack at the comers and get out of shape. But in dealing with the question of the 

stability of the gasholder as a whole, we must, for convenience of treatment, assume at 

* A cqrutant pressure of wind of 50 lbs. oyer a large area is highly improbable ; and an inter- 
mittent and looal one has comparatiyely little effect upon a heavy body. I do not think it wise, 
however, to cut the wind-pressure down too mndh in a stmcture where so mooh depends upon its 
stability. F acts horizontally at a point midway np the inner lift— not at the centre of gravity of the 
inner Uft. There is a slight increase of pressure in the wind as yon rise ; bat it wonld not be felt in 
the depth of the inner lift. [See Graham's " Graphical Statics '' on this point ; and also Mr. B. 
Baker's reports on wind pressure at the Forth Bridge. Two gauges registered as follows :— 
At a height of 70 ft. No. 1 gauge gave 12 lbs. per sq. ft. ; No. 2, 15 lbs. 
„ 210 ft. „ „ 11 to 15 lbs. „ „ 16 „ 

», 375 ft. „ „ 15 to 24 lbs. „ „ 14 „ 

shoi^g a very slow increase (if any) in the pressure as the elevation increases. See also Button's 
Stability of Chimney Shafts.] 
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the outset that each lift is a perfect strnctore in itself-— perfect as regards maintenance 
of rectangular form. 

Referring to fig. 2, we start with the supposition that the two lower lifts are 
perfectly rigid, and will not tilt. They are only free to rise and fall in a vertical plane, 
at the same time remaining perfectly level. Now it can be seen at a glance that if the 
inner lift tilts, it must do so by turning round the point 0, as shown in dotted lines. It 
is evident the inner lift cannot turn on a diameter like the outer lift, because the whole 
weight of the middle and outer lifts has to be carried by the inner lift ; and as these 
cannot tilt or rack out of shape (being assumed to be rigid rectangles rigidly guided), 
their whole weight must be carried from what we may term the swivelling point 0» 
when the inner lift tilts. 

Now, in order for the opposite side of the inner lift to fall as shown, the depressing 
force on that side, B, must exceed the weight hanging on the other. We have seen 
that the weight hanging at =s Wi + Wa ; therefore the heeling or tilting forces must 
produce when resolved in a vertical direction on the opposite side to 0, a depressing 
force greater than Wi + Wa* In other words, unless the resolved mnd and snow pressure^ 
jR, exceeds the weight of the outer lifts^ the gasholder cannot Hit on the conditions here 
assumed. 

To resolve the wind pressure into an equivalent depressing force on the opposite 
side, we have merely to treat the inner lift as a balanced beam, supported by the gas 
pressure O anywhere on the vertical centre line (say, at Bi). Then the forces tending 
to rock the inner lift in one direction must balance those tending to rock it in the other 
otherwise equilibrium cannot exist. Let B^ be the point of support, on which the inner 
lift is suj^posed to be balanced. Then taking moments round Bi we have — 

P X a 

— r — = depressing force due to wind. 

Or, expressing it in terms of the diameter and depth of the holder — 

2xl6xDxrfxrf 1^ » 

Dir2 =^^- 

We have, therefore, a simple rule for determining the stability of the inner lift when 
cupped — ^viz., sixteen times the depth squared (in feet) must not exceed the weight 
hanging on the inner lift (in pounds). But we have likewise to consider the depressing 
force due to snow. This may be expressed as follows : — 

— -P — =: depressing force due to snow. 

Or, expressing it in terms of the diameter — 

»• X J>'J?W _><Ax 2 X„^ = (say) -66 D^. 
4 X 8 X D ^ ^^ 
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The maximum depressing force B, adding the effect of wind and snow together, could 
not therefore exceed -66 D^ + 16rf^, which we may term the ** resolved wind and snow 
pressure,'* referred to in the above rule. [See Note B.] 

An example will show the simpUcity of the rule. A three-lift holder, 200 feet 
diameter and 45 feet deep (each lift), has guide-framing reaching to the height of the 
two outer hfts only. It is required to know whether the inner lift will tilt under the 
action of the wind and snow. Applying the formula : ('Ge x 200 x 200) -f- 
(16 X 45 X 45) =58,800 lbs., or (say) 26 tons. The weight of the two outer lifts 
would be at least 250 tons, or nearly ten times the tilting force on the opposite side. 
So, on the assumed conditions, it could not tilt. 

Now suppose the guide-frame to reach to the top of the outer lift only, we can still 
apply the formula, with the difference that we must take d as the depth of two lifts 
—the inner and middle. Then (-66 X 200 x 200) + (16 x 90 x 90) = 156,000 lbs., 
or (say) 70 tons. The weight of the outer lift would be about 180 tons at least. On 
the stated conditions, the gasholder would not therefore tilt. 

We will take another example — viz., a telescope gasholder, 100 feet diameter, 80 
feet deep. Applying the formula : (-66 x 100 x 100) + (16 x 80 x 80) = 21,000 lbs., 
or scarcely 9 J tons. The weight of the outer lift would equal at least 85 tons ; showing, 
therefore, that the inner lift would not tilt. 

In applying the formula to a single-lift gasholder without any guide-framing, 
Wi + Wa is always nil, because there are no outer lifts. It follows, therefore, that 

7 must always exceed it ; and the gasholder would necessarily tilt, even with the 

slightest side pressure, because any pressure exceeds nil. 

It is possible to imagine that the gasholder might be tilted by a sudden application 
of the forces wind and snow, before the whole of the weight of the outer lifts can be 
transferred to the one side. Unless two of the three lifts are without guide-framing, 
the snow is the greater tilting force ; but it is a force which very slowly and gradually 
increases in intensity. This admits of the holder descending as the load increases, 
diminishing the volume, but increasing the pressure of the gas in proportion. With 
the wind, however, we have a very fickle force. It comes more or less in gusts and 
sweeps ; and if severe, it may be difficult for the holder to answer to the fluctuations 
with the requisite rise and fall. We must therefore consider how this would affect the 
dtabiUty. It is certain that the outer lifts will not remain suspended in the air with- 
out anything to support them. The frictional resistance of the rollers and guides will 
not alone sustain the outer lifts, as it has but Httle influence over a heavy structure 
with suf&cient wheel-base. They depend, therefore, for their support by hanging on 
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the inner lift. If the inner lift tends to tilt suddenly, the weight of the outer lift must 
come just as suddenly all on the one side of it, and pull it down at ; for there is no 
reason why a heavy structure like the inner lift should answer any quicker to the sudden 
push of the wind than to the sudden pull of the outer lifts, especially when we know 
the latter to he the greater force. Again, the frictional resistance (due to form) to the 
lift tilting, is much greater than the frictional working of the holder up and down in 
the guides. [See Note C, page 12.] We may conclude, therefore, that in a properly con- 
structed gasholder the sudden application of the upsetting forces wind and snow to the 
inner lift will not upset it, providing the suspended lifts remain firm and level, and are 
able to descend &eely in the guide-framing. 

We have now proved, without doubt, that — 

(6) Under certain conditions, gasholders can be constructed without guide- 
framing reaching higher than the height of the outer lift. The con- 
ditions being: That each lift must be rigid in itself, and unable to 
distort under the strains induced; tnat the guide- framing must also 
be rigid and unyielding; and that the holder must be free to rise and 
fail perfectly level. 
We have also produced simple and reliable formulae by the apphcation of which 
the stability of the structure as regards tilting can be determined. It now remains to 
examine the conditions (referred to above) on which the stability depends, and define 
the nature of the strains on the several lifts, and their capacity for. resisting them. 



NOTES. 
Note A. 

It has been stated that if a gasholder starts tilting, the tendency to tilt increases 
— ^that is, forces come into action which have no effect till the equiUbrium is 
disturbed. 

The exaggerated diagram fig. 8 (page 10) shows the gasholder acted upon by an 
upsetting couple, due to displacement of centre of gravity and centre of buoyancy^ 
When tilted as shown, the former is thrown over with the axis. The latter, however, 
is not necessarily on the inclined axis, but somewhat to the right of it, because the 
lifting pressure of gas on the left is balanced by the pressure downwards on the part 
of gasholder immediately below, as shaded in the diagram. On the other hand, 
the gas not only lifts by pressing on the right-hand side of the crown, but also on 
the inclined side sheets. The effective centre of vertical force upwards is, therefore, 
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about in the position marked B (in the centre of volume, to the right of the vertical 
plane Y) ;* and as the whole weight acts vertically downwards through W, the two 
forces G and W form an upsetting couple, which increases in magnitude as the gas- 
holder inclines more and more — that is, in the same ratio as the lever arm x increases. 
The magnitude of the upsetting force is, of course, measured by the weight of the 
gasholder, multiplied by the distance x. It will be seen, after tilting commences, 
what a powerful effect this has, and what little chance the gasholder has to right 
itself, even though the original or primary cause of the tilting be removed. It can 
only do so by reason of the elasticity of the guide-framing, together with its own 
elasticity, enabUng it to rebound, just as a compressed spring, or a deflected girder will 
recover itself after the weight is removed. 




Fig. 8. 



If a gasholder tilts so much that the gas can escape under the curb, there is 
little chance of it righting itself; because, the lifting or suspending force being 
removed, the dead weight of the whole gasholder falls, not having anything to support 
it, and so becomes a complete wreck. 

We may conclude, therefore, that tilting to any extent is not to be permitted. In 
large gasholders with reduced guide-framing, the drop on one side should not in any 
case exceed (say) 8 inches, under all forces and conditions. 

* See previous note on this. 
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II 



Note B. 

The substitution of B (in fig. 2) for the tilting forces S and P is quite oorreot as 
for as the treatment of the subject in this article is concerned, and is done so, to 
present the conditions of stability in the simplest possible light. But when we come to 
consider the effect of the forces in straining the holder, we must take P and S in their 
proper positions. B will then represent the weight to be applied at to prevent the 
inner lift tilting, and which, of course, is derived from Wi+ Wj. Thus — 

The forces P and S tend to rotate the body round Bi from right to left. We must 
therefore find the weight required to act downwards at to resist the tendency to lift 
on that side, and so prevent the tilting which would otherwise take place. If we take 
Bi as the supporting point, then the moment of the forces tending to rock the beam to 
the right are Pa +80. The force required, therefore, to balance this at will equal 
Pa + Sc, which, as before stated, is equal to B. 



It should be noted that, although we take moments round B^ it does not neces- 
sarily follow that Bi is stationary. Otherwise the point would rise when tilting 
took place, lifting the outer lifts with it. The effect is the same, as regards stability, if 
we imagine to be stationary and B] to foil. Of course, both points descend as 
the gasholder descends bodily (through the tilting forces compressing the gas) ; and 
probably would come to rest first, and B^ go on as the inner lift tilted. 

The increase of gas pressure is that due to the weight of snow only. As P acts 
honzmttally^ it does not affect the resultant gas pressure (which acts vertically), although 
it influences the disposition of the forces, transferring a part of the weights of the 

outer lifts to 0, but not adding to the re- 
sultant gas pressure, which is therefore 
S+W+W1+W2. 

The effect of the wind and snow upon the 
inner lift, together with the resultant force 
transmitted to the outer lifts may be shown 
graphically by the following simpie diagram : — 
In Fig. 2/r., let P = wind, and S = snow. 
Produce P and S to intersect in q ; and then 
by parallelogram of forces determine their 
resultant at this point — ^viz., q r. Produce 
qrio intersect the centre line G. Join G 0. 
Make Q t ^ qr, and, parallel to G 0, draw 
Flo. 2a. t tt. Then G u represents the pressure of gas 
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due to wind and snow, and G v set off equal to t u, and, applied at 0, is the 
resultant force required to hold the inner lift in equiUbrium, when acted upon by the 
wind, snow, and gas as per diagram. 

Now, it is clear that this resultant can be split up into two components at 0, one 
horizontal, the other vertical — viz.. Pi arid R. 

It will be found, on drawing the diagram to scale, that the result agrees exactly 
with what we have already determined. 

Note 0. 

The inner lift also receives assistance from the following ; — As before stated, the 
inner lift must revolve round the point in order to tilt. This is, in reahty, one 
of the cup rollers which are in one circle around the cup, and their points of contact 
are a tangent circle. In other words, we may look on it as two coinciding circles. 
Now, if a circle be tangent to the interior surface of a hollow cylinder, it cannot 
revolve round its point of contact with the cylinder without intersecting the cylinder ; 
and the nearer the diameter of the circle approaches that of the cyHnder, the less 
the movement that can take place before intersection occurs. This can be illustrated 
by a diagram. 

In fig. 4 the thick circle denotes the cylinder, 
the series of eUipses show the plan of the circle 
in contact with it at 0. As it revolves around 
this point, it can be seen that the circle cuts the 
sides of the cylinder. Now, in applying this to 
the gasholder, the cylinder is the outer lift, 
and the inner Hft is the circle of the cup 
rollers on the inner lift. In order, then, for 
the one side of the inner lift to fiedl as in fig. 2, it 
must, if the rollers be in perfect contact with the guides, do one of the following : — 

(1) Intersect the gasholder; (2) break off the rollers; (3) spring the cup out of 
circular shape ; or (4) spring the sides of the outer lift out of shape. 

Now (1) could not take place till after tilting had occurred from other causes ; 

(2) might possibly happen ; and (3)and (4) would probably happen under sufficient strain 
to a limited extent ; but very little elasticity is sufficient to tilt the holder considerably, 
apart from the certainty that there will bo play in the rollers sooner or later. 




Fig. 4. 
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It may be necessary to mention that the operation of tilting the inner lift in the 
outer one is a very different thing from the tilting of the whole gasholder in the tank. 
The bottom curb of a gasholder is free to rise on the one side and fall on the other — 
turning on a diameter ; but not so the cup of the inner lift. That has the weight of 
the outer hfts to carry, and therefore cannot revolve on a diameter, but on a single 
point situated on the circumference — the weight of the outer lifts being slung, as it 
were, from that point. 

There is likewise assistance rendered against tilting by the stiffness 
of the cup plates, which are held by friction at the top — due to the 
weight of the outer lifts at V i^S* ^)' ^^^ ^^ ^^® ^^^^ ^7 ^^^ ^^P i*ollers. 
This reverse-leverage must, of course, be overcome before the inner 
lift could tilt. It can be augmented, too, by the addition of outside 
rollers on the grip, working against outside guides on the inner lift. 
These are trifling aids to stability; but they help in the right way, 
and tend to make the holder secure. 



Fig. 6. 



Y 
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SECOND ARTICLE. 

STRENQTH AND BIQIDITY OF QASHOLDER BELL WITH 
VARIOUS HEIQHTS OF QUIDE-FRAMINQ. 

Thb first article was devoted to the investigation of the stability of gasholders when 
acted upon by the tilting or heeling forces wind and snow. We found that, under certain 
conditions, it would be quite safe to abolish guide-framing to the upper lifts ; but that 
in no case should the guide-framing be of less height than the outer lift. We have 
now to consider whether it be possible to comply with these necessary conditions for 
stability — viz. : (1) That each lift must be rigid, and capable of resisting the racking 
strains due to the particular forces acting upon it ; and (2) The guide-framing must be 
perfectly stable, and at all times preserve the level working of the holder. 

RIGIDITY OF GASHOLDERS. 

The racking strains on each of the lifts are, of com*se, due to the tilting forces wind 
or snow, or both. If there be no pressure of wind or snow, the racking strains on the 
holder are theoretically nil ; but, on the other hand, if they are sufScient to cause 
tiUirig of one or more lifts, they are at a maximum. Between these two extremes — 
viz., equilibrium and tilting — there are the various degrees of tendency to tilt. It is 
under the latter heading that all practical cases will come. 

It will be convenient to deal separately with each of the lifts. 

INNER LIFT. 

When the inner lift is unsupported by guide-framing, the racking force is equal in 
magnitude to J P (or 8 J)d.) acting horizontally on a level with the top curb. The base 
of the inner lift — Le,^ the cup — ^is level and firm, and may be looked upon as the fixed 
end of a cylindrical cantilever ; the load being applied at the en^, and tending to distort 
the figure, as shown in fig. 6. The cup of the iimer lift; is preserved level by the weight 
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of the outer lift, as already explained in the first article ; the outer lift being rigid, and 
kept vertical by the guide-firaming. The resistance to bending is from the top curb, 
cup, sheeting, and vertical stays, forming together a kind of circular plate beam. The 
top curb and cup form the stiffeners ; the vertical stays are the flanges ; and the side 
sheeting is the web. It is much in the same conditions as it would be if it were stand- 
ing on the level ground, and acted upon by the distributed wind pressures. 



Fig. 6. 

Note.— It is, of coarse, understood that the several forces, represented by the arrows in these 
articles, are not actaally single and isolated pressures concentrated at single points on the strootore, 
bat that they are the resultants of several forces distribated over the same, which latter are, for more 
convenient treatment, considered as concentrated at their different centres of pressure, just as we may 
consider the weight of a body as concentrated at its centre of gravity. Hitherto we have been dealing 
with the conditions of equilibrium of the whole gasholder, and resultants of distributed forces have alone 
been used. Precisely the same results would, however, be obtained by splitting up each resultant into 
its component forces, and using them instead ; only it would be a tedious mode of proceeding. This 
method of taking the resultant instead of the several component forces is quite correct when we are 
considering the stability of a structure as a whole ; but when it is desired to treat of each part of the 
structure in detail, we must consider the local effect of the component forces instead of the single 
resultant. Take, for instance, the force } P in fig. 6. This force is not actually concentrated here ; it 
really represents the distributed wind pressure on the side of holder. [See Note D, page 24.] 

Now we come to deal with the rigidity of each jot the lifts in all their parts, it 
becomes necessary, of course, to bear in mind the cylindrical form of the holder, and to 
notice the local effects of these distributed pressures. 

Fig. 7 represents a plan of the inner lift, which is pressed upon (1) by the pressure 
of gas from within, acting radially outwards and of uniform intensity, as shown by the 
arrows g g ; (2) by the wind from without, acting all on one side, p p ; and (8) the 
pull of the top sheets s s. (The wind and gas pressures are distributed at the vertical 
posts.) A glance at the diagram is sufficient to show that these forces are to an extent 
balanced ; g g, would appear to be met by s s. But it must be remembered that they do 
not act in the same plane — g g are distributed over the whole depth of the sides ; 
whereas the pull of s is on the top edge only, and can therefore only affect the sides 
below, when the curb yields to compression. 
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Disregarding for the moment the poll of the top sheets, and taking only the gas 
and wind pressures, which are distributed over the full depth of the side sheeting, we 
get a diagram as in fig. 8. Now, by substituting the resultants for those forces acting 
at the same points, we have a diagram as in fig. 9 ; showing clearly that the gas 
pressure is partly neutralized by the wind pressure on the wind side. But it will be 
noticed that the pressures of gas on the opposite side (away from the wind) remain as 





Fio. 7. 



Fio. 8. 





Fig. 9. 



Fig. 10. 



before. Therefore the latter have a tendency to drive the holder along ; so that it would 
appear that the holder is pushed over by the gas pressure on one side, through the wind 
neutralizing it on the other. [See Note E, page 25.] At the same time, the unbalanced 
gas pressure on the one side tends to draw the sheeting round from the other — i.e., from 
A to B — flattening the side locally. This is a reason for attaching the side sheeting to 
the vertical stays all the way up, as it prevents the possible sliding or movement of the 
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sheeting over the vertical stays, and makes every stay take its fall share of the work. 
So much for the distorting influence of the wind over the side sheeting. But these 
forces are transmitted hy the vertical stays to the top curh above and to the cups below. 
They are equally divided between these two rings. (See Note F, page 25.) Fig. 10 
shows the effect of all the forces on the top curb, including the pull of the top sheets. 
It will be noticed they have a tendency to pull the curb in on the wind side, and so 
distort the curb out of the circle, as well as to bend the inner lift as a cantilever. 
(See fig. 6.) We have then two effects to overcome — 

(1) The distortion of the curb, cups, &c., out of the circle. 

(2) The bending forward of the inner lift as a cantilever, thereby racking all the 

joints. 

(1) Now, in an ordinary way, this tendency to distort is ably resisted by the 
stiffness of the guide-framing, together with the curb, cups, &c. In this case the guide- 
framing being done away with to the inner lift, the whole of the distorting forces at 
the top curb must be met by the stiffness of the top curb (and the adjoining plates) 
itself. The distorting forces below are resisted the same as ever by the cups and 
guide-framing. It is evident therefore that the top curb should be made stronger than 
usual ; because, in addition to resisting the dead compressive strains due to the pull of 
the top sheets, &c., it has to resist the buckling and distorting forces due to the wind 
pressure, without deriving any assistance from the guide-framing. Good strong rings 
of plates next to the angle of curb on the top, with an inner angle-iron curb ring is 
all that is needed, as the top curb is then practically a fiat ring-girder, and very stiff. 
If the top is trussed properly, it is evident that the main rafters, &c., materially assist 
in preventing distortion. In any case the top curb should be well-gussetted and 
attached to the vertical stays. 

(2) To prevent the inner lift moving bodily forward, and yielding as a cantilever, 
it would be advisable to introduce diagonal bracing between the vertical stays (as shown 
by the dotted lines in fig. 6) ; or otherwise the sheeting — being curved in form would 
have a tendency to fiatten itself between the vertical stays, instead of transmitting the 
strains properly. This would throw racking strains on the junctions between the vertical 
stays and curbs. The vertical stays should be strongly secured to the curb and cup as 
well as rivetted or bolted (all the way up) to the side sheeting. 

Assuming that the top curb is a perfectly rigid ring, incapable of deformation, a 
force applied horizontally would make itself felt equally throughout all the posts on 
which it stands, and to which it is attached. If these posts are fixed at the base, and 
there is no web or cross bracing between them, the force has a tendency to break them 
all off at the bottom, and is then equal to J P divided by the number of posts. If they 
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are not rigidly fixed at the base, but, on the other hand, are free to &11 down (being 
hinged only, as it were, at the bottom end), they would be incapable of resisting any 
side pressure. They are not, however, merely hinged at the top and bottom ; they 
are firmly attached to strong rings — ^in the shape of curbs and cups. The strong rows 
of plates serve as gussets between these rings and the stays, for they are attached to 
both. The sheeting also serves to stiffen the structure, and acts, to a certain extent, 
like the web of a girder. 

To sum up, we may safely conclude that — 

(7) The Inner lift would not rack out of shape when the vertical stays are 
strong and well attached to strong curbs and sheeting; but as an 
additional safeguard, diagonal ties may be Introduced between the 
vertical stays, and so relieve the side sheeting from diagonal strain. 



MIDDLE AND OUTER LIFTS. 

Three-Lift Holders ; Two Lifts supported by Guide- Framing, — If the guide-framing 
reaches to the top of the middle lift, we may take the two outer lifts together as one 
cylinder, because the one helps the other. It is required to determine whether they 
are sufficiently rigid and unyielding as to resist the great racking strains which would 
undoubtedly come upon them ; for on their ability to do so, rests the advisability or 
not of constructing gasholders with reduced guide-framing. 

It is absolutely certain that the outer lifts could not possibly stand suspension from 
one pomt on the grip ; and as our examples prove, no pressure of wind or of snow on 
the inner lift would ever bring about such extreme conditions. [See First Article.] But 
although they do not exert sufficient force to throw the whole weight on one side, yet 
they have a tendency to do so, and undoubtedly deliver a part of it. The side farthest 
from the wind has a tendency to fall, when the cup tends to drop from under the grip ; and 
the side facing the wind has a corresponding tendency to rise. The difference between 
the lifting force on the one side and on the other is equal to B. The weight, therefore, 
which the inner lift refuses to support on the left-hand side (or that farthest from the 
wind) is equal to ^ B ; and the corresponding excess of lifting force on the right-hand 
side (or that next the wind) is likewise equal to ^ B. So that, as far as the racking or 
twisting forces are concerned, we may look upon the outer lifts as being acted upon by 
forces as shown in fig. 11. 
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The forces i B and i B. form a couple wliich must be resisted by the reacting 
coaple F Fj — ^that is, the reaction of the gaide-&aming. 

i B, is equal to ^^ + ^, or 8d' + •88D^ 



=^M 



4 






kH 



sm^p" 






FiQ. 11. 



In the example of a 200-foot holder ^ B is about 18 tons. 

F and F are therefore each equal to 

(M. + Sim ^Oor4Dd+ •l-giP'= F or F.. 
2d a 

If only one lift out of three is supported by guide-framing, F and Fi will be increased ; thus — 

(8ad»+-88D«)xD or 8aZ)d + -8^ = F or F.. 
a a 

which for wind is an eightfold, and for snow a twofold increase, i B for this latter case is also increased 
to 82(2* + -SSD*. (See Notb G, page 26.) 





Fio. 12. 



Fig. 18. 



There are but two ways in which these outer vessels can yield to the strain, as 
shown in figs. 12 and 18. The latter (fig. 18) is the more probable, as the external 
guide-framing must be made sufficiently stiff and strong to resist the efforts of the holder 
to distort, as in fig. 12. The maximum racking strains on the holder, tending to make it 

2 
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distort, as in fig. 18, are just the same as would be caused by supposing the holder 
fixed on the one side and loaded on the other to the amount of ^ B ; the holder itself 



Fig. 14. 

being considered as without weight. It therefore resolves itself into a cantilever of 
peculiar form, as shown in fig. 14. In this diagram d is equal to the depth of all the 
lifts supported by guide-framing, because the weight (R) is transmitted from one 
to the other. 

Note. — ^The reaction F may be transferred from the left to the right hand side, without altering 
the magnitude of the maximum strains. It will then hold the body in equilibrium as a simple oanti. 
lever. We only have to observe that the character of the strain in the top flange (or cups) would be - 
instead of +. We must, however, conceive it to be +, as stated below. 

It is quite unnecessary to determine the exact strains on every bay round the circle ; all we want 
is that of the maximum^ because each or any bay may in its turn become the most severely strained one* 
so it would only be confusing the subject to define all the minor strains, which, of course, are embraced 
by the maximum. (See Note G.) 

It is evident at a glance that there is a great racking and twisting at the 
junction of vertical guide-posts, &c. The hydraulic cups and curbs give much 
stiffness to it top and bottom ; and together with the guide-framing prevent distortion 
out of the circle, and form the ** flanges " of the girder. They are connected by the 
vertical guides, which should be firmly attached to the sides all the way up, and 
particularly at the top and bottom, to reduce the spring and racking to a minimum. 
A little spring in each would multiply considerably in the diameter of the holder. 
Gross-bracing would be a great assistance ; but the space between the lifts is so narrow 
that it will not admit of its adoption. We are therefore compelled to rely on the side 
sheets to form the web of the cantilever. Owing to their form, however, they are 
liable to straighten across comers, as shaded in fig. 18. The vertical posts should be 
more in number than usual, and intermediate curbs inserted to assist in stiffening the 
side sheets. The top and bottom row of plates should be extra strong, and the 
vertical posts firmly attached to them. 
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These outer lifts, of course, have their own wind pressure to resist, in addition to 
the above strains ; but it is comparatively slight in its effect, as it is all transmitted to 
the external guide-framing, without tilting the holder, as the guide-framing must be 
strong enough to resist the overturning force by itself, relying upon the holder only 
for assistance in resisting distortion out of circular shape (in plan). The natm'e of 
the strains due to the load ^ B is compression in both the top and bottom 
rings ; the guide-framing being made sufficiently strong to resist distortion out of the 
circular shape horizontally. 

Approximately, the strains may be determined thus : Take half the circumference 
of the holder as the length of a cantilever girder, and make the depth equal to that of 
the outer Hfts. Then divide the girder into as many panels as there are vertical stays 
or guide-posts, and join them diagonally, as shown in fig. 15. Then if J R be 

% 



7 



k_ 



i^ 



'z Circujrif£Ktiria« 



Fig. 15. 



applied at the end, the same strain will be induced in the most severely 
strained bay x as would be produced by distributing the exact weight on each post. 
(See Note G.) 

In a cantilever, the strain on either top or bottom flange will be equal to 
l oad X length 
depth. 

In this case, therefore — 

' 8d^ + 'SSD'*^ 

Load = for. wind and snow together 5 = i R. 

or 4d' + -165 D«. 
Length of cantilever = — ^- - 

Depth of cantilever = 2d, or depth of two lifts. 

Collecting these results, we have : Maximum strain on the bottom curb (compi^ession 

due to racking) — 

(4rf^+-166D2) X-llD ,, Sd^-f-HD' 
__ or roughly 

where D = diameter of one lift ; (i = depth of one lift. 
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Applying this to a three-lift gasholder, 200 feet in diameter by 45 feet deep (each 
lift), we have — 

(8 X 45« X 200) + (-14 x 200») , , ^q . 

If this were the only strain on the bottom curb, it would require at least 6 square 
inches sectional area to withstand it ; but there is the bending strain due to the slightly 
curved form, as well as other structural strains, and that due to wind pressure on the 
two lower Hfts. The effect of this latter is similar to that shown by fig. 9. It is 
comparatively simple, however, to determine the allowance for these. The 6 inches 
is what is required extra, due to the new form of holder. (See Note J9, page 88.) 

If wind only be considered (omitting snow), we should have — 

4rf^ X 11 D 22D(« 200 x 45 x 22 ^^ ^^^ ,^ ,^, , 
jj^ , or ^-^ , or = 28,286 lbs., say 12J tons, 

or approximately, three times the diameter, multiplied by the depth of one lift = the com- 
pression on the bottom curbs (in pounds) due to the racking effect of wind pressure, when the 
inner lift only is above the guide-framing in a treble-lift holder; leaving therefore in this 
case about 10^ tons for snow effect. There is, of course, the compression in cups at the 
top of the middle Uft, whicji is equal in magnitude to the compression on the bottom 
curb. These should be stiffened up, if necessary, to suit. 

The diagonal or cross strain on the side sheeting in the most severely strained 
bay is equal to i B, multiplied by the diagonal distance across from comer to 
comer of the bay in one lift, and divided by its depth (= in this case about 7 tons). 
This is where the greatest yielding to deflection will occur. Indeed, it will be im- 
possible to avoid a little deflection in the outer lifts, in which case the inner lift 
fieills with them, and continues to do so until the outer lift is able to resist the 
load. But when properly constructed, we may conclude that — 

(8) Gasholders can be constructed safely with the Inner lift unsupported by 
external gulde-framlni after It has cupped, provided the iulde-framlng 
Is carried to the height of the two outer lifts. 

Three-Lift Holders; One Lift supported by Guide-Framing, — In this case, when 
two lifts tower above the guide-framing, the strains are considerably increased. The 
strain on the inner lift remains as before ; but the middle lift has the former strains 
augmented by the absence of support from the guide-framing, and the consequent 
increase of strain from wind pressure, tending to overturn it. The force B does not 
now affect the middle lift. B must, therefore, be resisted entirely by the outer lift, 
which alone is held level and firm by the guide-framing. 
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The side pressure tending to rack the joints, as shown in fig. 16, is equal to 16 D^, 
where d = the sum of the depths of the inner and middle lifts, and is applied on a 
level with the top of the middle lift (see fig. 16). This illustration also shows the 
manner in which the middle lift tends to distort when the other two are doing their 
duty. The greatest stress, however, comes upon the outer lift, because it not only has 
to transmit all the transverse strain to the guide-framing through the roller carriages, 
but also to resist the greatly ^increased strains due to the tendency of the two upper 
lifts to tilt. 





Fig. 16. 

Treating the sides of the outer lift as a developed cantilever, we have for the load 
due to — 
Wind and snow combined 

82^ + J8Dl^ 16e? + -166 D^ 

Length of cantilever = ^ , as before, 

7 

Depth of cantilever = d. 
Collecting, we have for maximum strain due to wind and snow — 
{16d^ + '165 D^) X 11 D, 

7d 

25^2 D + -26 D« . , 
-j = compression on curb. 

For the same size gasholder as before, we have — 

(25 X 46- X 200) + (.26 x 200') ^ ^^^ ^^^ 

45 
If we take wind force only, the compression on the bottom curb is approximately 
26 times the diameter, multiplied by the depth of one lift, in a three-lift holder with two lifts 



or roughly 
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towering above the guide •framing , which, in this case, is 25 X 200 x 45 = 225,000 lbs., 
or fully 100 tons, which would require an extra sectional area in bottom curb of (say) 

25 square inches to resist wind alone. We see from this that the strains in the bell 
itself due to wind are just eight times greater when two hfts are free than 
when only one lift is free. Then this is depending upon the side sheeting to act as the 
web plate of a girder ; but the diagonal strains due to the increased load would be so 
great (viz., about 88 tons in the most severely strained bay, or, J R, multiplied by the 
diagonal distance across from corner to corner of one bay in the outer Ijft, and divided 
by its depth) that, together with the great racking strains on the junctions between the 
vertical guides and curbs, it is more than probable the one side would deflect or drop 
so much as to cause the upper lifts to sway over out of level to a dangerous extent. 
We may therefore conclude — 

(9) That It Is not safe, nor advisable, to make treble-lift gasholders with 
guide-framing to the outer lift only. 

Of course, it would not capsize until the wind pressure rose sufficiently high to do 
it. It might exist a long time before it was subjected to a severe gale ; but, on the 
other hand, it might be wrecked soon after erection. It is therefore unwise to risk it. 
Neither can we look upon the several lifts of a gasholder as being parts of one con- 
tinuous cantilever, withgut a break. The junction between one lift and another cannot 
be made so perfectly stiff as to answer such conditions. If, in addition to cup rollers, 
outside rollers be fixed to work up the sides of the inner Hft, the greatest telescopic grip 
they can have is but 2 or 8 feet, which is insufficient to constitute a continuous cantilever. 
If it were a continuous cylinder, without any break from top to bottom, the racking 
strains would be considerably less. 



Note D. 

It may not be out of place to make a few remarks on the assumed positions of the 
centres of force, &c. 

The centre of gravity of the middle hft of a gasholder is exactly in the centre of 
its depth — ^that is to say, midway between the cups. The centre of gravity of the 
outer lift is slightly higher than half its depth, because the grip is a little heavier than 
the bottom curb, and so raises the centre of gravity a little. The centre of gravity 
of the inner lift is more difficult to determine, because it varies with different sized 
holders, trussing or not trussing, thickness of top sheets, &c. But for all practical 
purposes, we may reckon it to be one-quarter of the depth down from the top curb. 
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Of course, it can be worked out exactly ; but it is somewhat tedious, and is quite 
unnecessary. 

The centre of buoyancy is taken as the centre of the volume — the same as in a 
floating ship, it is the centre of the volume of water displaced. 

The centre of wind pressure is undoubtedly the centre of gravity of the area acted 
upon ; not the centre of gravity of the whole mass of the structure, which has nothing 
to do with its centre of action. 

Note E. 
It is perhaps advisable to illustrate the statement made with regard to gas pressure 
pushing the holder forwards against the columns on the opposite side to the wind, and 
dragging, as it were, the other half of the holder after it. Take a box filled with water, 
and place one end of it in another one, as shown in fig. 17 ; 
the two boxes being able to sUde freely in one another — A 
being a fixture, and B sliding in it, having a water-tight 
joint, and free to sHp out without friction. Now, if water 
be poured into A, it will be found that B will glide out in 
the direction of the arrow. The reason is this: If both 
^^®* ^"^^ boxes be equally full of water, the pressure on both sides 

of C is eqnal and opposite, and therefore balanced, and has an equal tendency to move 
in either direction ; so that the effect of the pressure is nil. But on the side D, we have 
a pressure unbalanced. Therefore it will take full effect in moving the box onwards. 
It is the pressure of water in B on the side D which moves the box — ^not the pressure 
in A thrusting it forward, as it would if B were empty. If the box A were empty, of 
course the pressure of water in B at the opposite ends of the box would cause a tension 
in the sides, and pull in equal amount in opposite directions ; but as soon as the pressure 
on is reUeved by filling A, it is no longer able to resist the pull of D. Applying 
this to a gasholder : Water in A is the wind ; B is the holder full of gas. The wind 
partly neutralizes the pressure on C, leaving the pressure on D unbalanced, and free 
to move the structure. 

Note F. 
(1) The gas pressure can be found by the following formula : — 

^dp __ 
1425 N ^ 
D and d = diameter and depth of inner lift respectively. 
j9 = pressure of gas per square foot, in pounds. 
N = number of vertical stays. 
Q =: the pressure acting at top of each vertical stay, in tons. 
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(2) The wind pressure is more difficult to dispose of, because it is most intense 

on the part of holder normal to the direction of the wind, and gradually decreases as it 

comes round the curve to the right and left. But the following formula will enable 

us to distribute it according to its value over each of the vertical stays on the wind 

side: — 

DdQ 

D and ei = as before. 

Q = the length of the ordinate opposite the post for which p is sought. 
Y = the sum of all the ordinates opposite the vertical stays Q, Qi, Qa, &c., 
measured to the diameter perpendicular to the direction of the wind. 
p = the thrust, in tons, against the top of any particular vertical stay, 
(approximately). 
(8) The pull of the top sheets inwards can be found thus — 
D/K + fe') 
2850 N6 

D = diameter of holder, in feet. 

/ = the effective pressure of the gas per square foot, in pounds, 
a = the half diameter of the holder, in feet. 
6 = the rise of crown, in feet. 
N = the number of vertical stays. 

Note G. 
A very good illustration of the effect of the one-sided lifting force on the lower 
lifts of a gasholder (when the upper one is free and acted upon by the tilting forces) may 
be got from a wide-fronted but short drawer. If we attempt to open it by pulling on 



-= the pull supposed to act at the top of each vertical stay, in tons. 




Fig. 18. 



one side, as shown in fig. 18 by arrow A , we find a great deal more resistance than if we 
pull fair in the centre, as at B. It has a tendency to jam, due to the reactions G. 
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If this diagram be turned npside down, we have an exact illustration of the gas- 
holder under similar conditions. 

The distribution of the load, and its effect on the various lifts may be made very 
clear by considering the following diagrams : — 



C, 
B, 

A- " 
A m 



.-.--.--J . 



-:■"-;:-->: 



V '-'i < 



B 



Ht 



:i: 



rr 



I- 



"%' "\" i 



:: ' ' "f ■■ ',L "J* 



It*"' <■ "X y 



>-"f'VV 



i. 



//v/vs/f" Lfrr, 



y 



' ---'•- 



3f t- .-V 



TT 



---' — 



" — •: — *-_ 



J} 



Fig. 19a. 



jr^ 



f-ca:i:T--lTff 



oc/Tsr/r L/FT. 



nxn 



* — .1 — t. 






fF 



K 



Fia. 195. 
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The upward forces are shown by the arrows distributed on the top of the lifts ; and 
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the downward forces by the arrows on the under side of the lifts. The length of the 
arrows signify the intensity of the forces. 
Inner lift — 
A is the weight of the snow ; A^, the corresponding Ufting pressure of gas. 
B is the weight of inner Uft ; B^, the corresponding pressure of gas. 
G is part of the outer lift's weight, used in righting the inner lift ; G^, the gas 

pressure due to righting weight of outer lifts. 
D represents the remaining weight of outer lift ; D^, the gas pressure due to this. 
It will be seen from the diagram that the vertical forces acting on the inner lift 
are even and balanced in action. The only racking or disturbing force being P, which 
acts horizontally. 
• Outer lifts — 

E represents their total weight. 

F the lifting force of inner lift, corresponding to the support given by the outer 

lift in righting the inner lift = to A. 
G the remaining lift due to the rest of the outer Uft weight, the same as D in 
the preceding diagram. 
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This clearly shows the one-sided lift of the forces on the outer lifts ; the total 
weight of the outer lifts E being = the total lift G -f F. 

Balancing up the forces on the outer lifts, therefore, we have the substituted 
diagram, fig. 19c. (p. 27), which shows the resultant ttmt, due to the depression on one 
side and the lift on the other. 

We may prove the correctness of the simple method adopted in the articles for 
finding the strains on the outer lifts — ^viz., treating it as a cantileyer^— by comparing 
the results graphically with a more eicact distribution of the forces. 
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Fig. 19(2. is the half circumference of holder, developed as directed in the article, 
and acted upon by the lifting and depressing forces with their reactions. Fig. 19^. is 
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the diagram of strains, drawn -to scale, by Clerk Maxwell's method with Bow*s 
lettering. 

It may be explained briefly that the lines in the diagram represent the strains in those parts to which 
they are parallel in the frame. The lettering is simply lettering the tpaeea on both aides of a line in the 
frame, instead of at each end. Then the strain in the diagram is always denoted by the same letters as 
the line it refers to in the frame. For example, the strain in the part of the bottom onrb represented by 
Cv in the frame, is equal to the length of the lineCv in the reciprocal diagram. 

Now, it will be seen that, if the reaction AD (fig. Idd.) be transferred to x (as 
dotted), the maximmn strains in the frame will not be altered. The only difference is 
the character of the strain in the nppei^ flange (the cup) would be altered from + to — . 
This is what we have done in the article — converted it into a cantilever for simphcity. 
We only have to bear in mind that the strain in the cups would be + not — . 

If we imagine the load distributed over the cup, as in fig. 19f. (page 29), the diagram 
will be as in fig. Idg. It will be noticed that the maodmum strains in the cup and bottom 
curb remain exactly as before ; the only change being in the diagonal strain on the bays, 
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which is doubled in the bay having maximum strain. This is approximately correct > 
and we have therefore allowed for it in the rule for diagonal strain given in the 
article. 
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We will now give a still more exact demonstration ; and instead of supposing the 
forces acting in isolated positions, we will distribute them over the holder framing as 
shown in figs. 19^. and 19i. which are a plan and elevation of the framework, together 
with the forces acting upon it. 

We treat the elevation as a frame lying in one plane, and find the reciprocal 
diagram as before (see fig. 19j.) This, however, does not represent the real strains, 
because the frame is not actually lying in one plane. To make the corrections, there- 
fore, observe the following : — 

The lines in the strain diagram are to the real strains, as the projected lengths 
of the parts to which they are parallel in the frame are to the real lengths of 
those parts. 

For example : The projected line Uf in the frame : actual length (viz., Rl) : : Uf 
in the strain diagram : actual strain required. 

If we apply this rule throughout, and tabulate the results, we get the following for 
strains in the outer lifts from the tilting forces only : — 









STRAIN 


TABLE. 








1. 


2. 


8. 


4. 


6. 


6. 


7. 


& 


Line in 


Projected 


Real 


Strain Diagram 


MultipUers 


Actual 


Coinpression 
or Tension. 


Remarks. 


Frame. 


Length. 


Length. 


Length. 


Col. 8 -r Col. 2. 


Strain. 


Cups. 
















Aa 


0-66 


3-6 


3-76 


6-3 


23-7 


+ 


Maximum. 


Be 


1-5 




7-75 


2-3 


17-9 


+ 




Ce 


2-25 


J, 


10-5 


1-6 


15-7 


+ 




T>9 
Ei 


3-0 


,, 


11-6 


1-1 


12-6 


+ 




3-4 


,, 


110 


1-0 


11-0 


4- 




F* 


3-6 


)i 


8-5 


1-0 


8-6 


+ 




Gm 


3-4 


M 


6 '76 


10 


6*7 


+ 




Ho 


30 


t> 


8-26 


11 


8-6 


-f 




iq 


2-26 


It 


1-6 


1-5 


2-2 


-f 




JS 


1-5 




0-6 


2-3 


1-1 


+ 




Ku 


0-56 


»• 


01 


6-3 


0-6 


+ 


Minimum. 



Note.— The strains on the bottom curb would be exactly the same, except that the maximum 
strain starts from the opposite side of the holder — viz., Mv. 

DiAOONALS. 



a b 
c d 

gh 

»J 
kl 
m n 
op 
qr 

9t 
U V 



11-3 


11-8 


11-4 




11-6 




11-66 




11-75 




11-8 




11-76 




11-66 




11-6 




11-4 




11-3 





0-2 


1-04 


4-26 


1-04 


6-0 


1-03 


7*6 


1-03 


8-6 


1-00 


90 


1-00 


8-6 


1-00 


7-6 


1-03 


60 


1-03 


4-26 


1-04 


2-0 


1-04 



2-0 




4-1 


_ 


6-2 


_ 


7-3 


_ 


8-6 


— 


9-0 


— 


8-6 


_ 


7-3 


— 


6-2 


-_ 


4-1 


— 


2-0 


— 



Minimum. 



Maximum. 



Minimum. 



NoTB.— If the holder is in 44 bays, divide the above by 2 for diagonal strain. 
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Verticals. 






Jk 


11-26 


11-25 


tu 


11-25 


11-25 



8i 
2 



8i 
2 



+ 

+ 



Maximum. 
Minimum. 



Note.— All the vertioals are not Riven here ; but they are not of much account, as the + strain is 
more than absorbed by the weight hanging on them. 



In all these graphic methods, the character of the strams has been shown by the 
thickness of the lines in the' frame — ^those in compression being thick lines ; the thin 
ones denoting tension. 

The last diagram is somewhat tedious to work out, although very simple and more 
exact than the others. It is an attempt to apply Clerk Maxwell's reciprocal diagram 
method to structures having their parts in several unparallel planes. 

The results obtained by these diagrams only confirm the rules laid down in the 
articles ; the maximum strains in all cases being practically the same. The simple 
method adopted in the articles is, therefore, to be preferred to any elaborate treatment 
involving much time in its application. 

Note H. 

The bottom curb, cups, &c., which are curved, are subject to bending between the 
columns or points of support. They should therefore be stiff, to avoid springing as 




much as possible. The bending moment in the curb is equal to the thrust T 
multipUed by the leverage Z (see exaggerated diagram, fig. 20). 




H. srl/-: 



Consulting Engine' 



^. 
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THIRD ARTICLE. 

STRENGTH AND RIGIDITY OF QUIDE-FRAMING OF 

VARIOUS KINDS. 

We have now to consider whether it is possible to comply with the second con- 
dition necessary for gasholders with reduced guide-framing— viz., that the guide-framing 
must be perfectly stable, and at all times preserve the level working of the holder. 

The stability of the framing depends entirely upon its ability to resist the strains 
coming upon it. If it be strong enough to do this, there will be no doubt about its 
stability. 

Then, as regards the level working of the holder. There can be no trouble in this 
respect, providing the distance from tier to tier of rollers, or the depth of each lift, is 
sufficient — n^., not less than one-fifth the diameter of the holder. There will un- 
doubtedly be a little '' play " due to the elastic nature of the iron, and the multiplicity 
of parts and joints in the structure, temperature effects, &c. (See Note I, on elasticity, 
page 53.) This **play" will allow of the holder tilting slightly under heavy wind 
pressure ; but it can be but very Httle when the holder is constructed to resist the 
strains pointed out in the previous articles. 

We have, then, to determine the strains on the various parts of the guide-framing 
before we can answer for its stability. But before doing so, it will be well to distin- 
guish between the different kinds of guide-framing in use, as the method of determining 
the strains necessarily varies somewhat according to the design. 

The most modem is what may be termed the cantilever type of guide-framing, 
because the whole guide-frame forms one vertical cantilever, and is, in fact, a hollow 
stiffened cyhnder, lightened out in the shell (fig. 21). It is stiffened by an internal 
cylinder, concentric, and in contact with it — viz., the holder or bell. The outer cylinder 
alone is attached at the base ; the inner one fitting freely within it, and at liberty to 
rise and fall. The guide-framing has, of course, a tendency to buckle, owing to its 
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huge dimensions ; but it is preserved in cylindrical form, partly by the stiffness of the 
rings of cups, curbs, and girders, and partly by the support rendered vertically by its 
attachment at the base, and the long deep stiffeners in the form of standards. That is, 
the cylindrical form cannot be distorted to any considerable degree without breaking 
the standards transversely, or by rooting up the foundation bolts. This alone proves 
the great value of the external guide-framing. The lifts which project above the top 
of the guide-framing, when the latter is reduced in height, are subject to bending as a 
cantilever, and induce racking and bending strains on the framing below ; but they do 
not save the guide-framing any strain — ^they only get what would otherwise be taken 
by the upper part of the guide-framing done away with. The standards are strained 
just as much in the lower part as they would be if carried to the fall height, as usual. 
As a cantilever, the strain on half of the columns is crushing ; the other half being 
tensile or lifting. The strains are transmitted from one column to the other by means 



Fig. 21. Fio. 22. 

of the diagonal bracing and girders, which take the strains like lattice bracing in a 
girder. (The girders are the struts, and the diagonals the ties.) The magnitude of 
these strains is determined later on. 

We have said enough to distinguish this form of gasholder from the old-fashioned 
type (see fig. 22), whose guide-framing consisted practically of a series of independent 
posts, connected together by horizontal girders and perhaps light diagonal ties^-qmte 
inadequate, however, to form it into a cylinder capable of standing much strain as 
such. This latter type of holder is more like a ring of independent cantilevers than 
one huge one. It has its good points, however. Owing to the heavy, strong, and 
widespread based standards found necessary, it is better able to preserve rigid guiding 
for the free working of the holder, than the light springy framing which depends 
upon the holder to a much greater extent for its preservation of form and lateral 

D 2 
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stiffiiess. The cantilever cylinder type, it is true, possesses the advantage of requiring 
less material to get equal strength, and is more scientifically correct ; but it is more 
costly and difficult to erect, weight for weight, owing to the nice adjustment required 
of all the parts, to get them to take their proper share of strain and to fit properly. 
Again there are more separate pieces to deal with, and joints to make, than in the old 
form. It is for this reason probably, together with that of appearance, that we often 
find engineers striking a mean, as it were, between the two extremes— a fine example 
of which, designed by a Past-President of The Gas Institute (Mr. Gandon) may be seen 
at the gas-works, Lower Sydenham. The best examples of the advanced cantilever 
type are Mr. Livesey's gasholders at Old Kent Road and East Greenwich. Mr. Charles 
Hunt's new holders at Birmingham are also fine specimens of this class, but of slightly 
heavier construction. 

It is doubtful whether it is advisable to make the holder help the guide-&aming 
much, especially in the recently introduced shortened guide-framing type of holder, as 
it must jam the rollers, and cause uneasy working. The holder requires extra strength 
over and above what is needed to meet the strains pointed out in the second article. 
The working part of the structure should perform its functions of rising and falling 
to the command of the gas, without undue restrictions; for it is better that the 
strains should be absorbed by the guide-framing — which is at rest — than thrown too 
much upon the vital or moving part of the structure. 

All the examples of holders cited above have the guide-framing carried to the full 
height ; but the type referred to in the last paragraph is the most recent construction, 
and only one instance can be mentioned — viz., Mr. Livesey's holder at Rotherhithe, 
which has the guide-framing reaching to the height of the two outer lifts only ; the 
inner hft being entirely above the framing when the holder is fully inflated. It is with 
this new type of holder we have been dealing exclusively in the previous articles, 
because experience has already determined the proper proportions and strength for 
the old style of gasholders. There is, therefore, little necessity to treat of them ; but as 
the reduced guide-framing type of gasholder is a serious departure from all previous 
construction, it behoves us to be cautious and look at it from all points, both theo- 
retically and practically, before recommending it for adoption as a general thing. 

It has been determined in previous articles to what extent it is admissible to 
diminish the height of the guide-framing from considerations which affect the strength 
of the bell, &c. It will not therefore be needful to refer to the suggested abolition of 
guide-framing altogether, or of shortening it to within a few feet of the ground ; 
both of these suggestions being regarded as outside the province of practical engineering. 
(See Note J, page 54.) 
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STRAINS IN GUIDE-FRAMING. 

The following is the course to be adopted in finding the strains : — 

I. — Determine the external forces acting upon the guide-frame, both in magni- 
tude, direction, and distribution. 

II. — The two-fold effect these forces have on the structure. 

III. — The manner in which the structure resists them — defining the strain on 
each of the members composing it. 

I. As regards the external forces, they may be summed up as (1) wind, (2) snow, 
and (8) wedge-action of holder. All three forces are distributed over the holder ; but 
they are transmitted to the guide-framing through the roller carriages ; these being the 
only points of contact between the inner and outer cylinders — viz., the bell and the 
guide-frame. 

(1) The magnitude of wind pressure has been stated in previous articles. The 
total force of wind is equal to 16J)d where D = the diameter, and d = the total depth 
of holder, in feet. This force is given out at two or more circles up the guide-frame ; 
but we may, for convenience, determine the resultant force, which must be applied at 
the top of the guide-frame to give the same strain as would be derived from the actual 
forces applied at intervals. 

Keferring to fig. 28 (on next page), the resultant force F, in pounds, as far as 
wind pressure affects the holder, is equal to — 

leDd X d BDd^ 
2H ^' -W 

Note. — ^The guide frame itsell is subject to wind pressure ; but this can be neglected, as 16 Dd covers it. 

(2) The pressure of snow (S), as already explained, is equal to D^ This force 
induces an upsetting couple, whose effect can be measured by S x — (fig. 23), 

o 

and which, divided by H, will give the horizontal effect at F, or ^-^, which must be 

added to the foregoing wind effect to give the total resultant force F, in pounds. 

(8) Unless the lifts are less in depth than one-fifth of the diameter, there can be no 
trouble arise from wedge-action, in a properly-designed holder ; and it can therefore be 
disregarded. 
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We have, then, a total capsizing force acting horizontally at the summit of the 
guide-framing equal to — 

8 D(P D« 
H ^3H 
(See Note J for thrust on bottom rollers, &c,) 

II. — We have now to define the two-fold efifect which these forces have upon the 
huge cantilever. 

(1) They tend, in the first place, to hreakit off at the base ; and to do so, half of the 
columns must be crushed vertically dotvnwards, and the other half must be lifted vertically 
upivards — i.e., if the framing be a true cantilever, half of the columns supply the place 




Fig. 24. 

of the compressed fibres in a beam, and the others the tensile fibres (see fig. 24). But 
in order to resist the stress in this way, the connecting bracing between the columns 
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must be suf&ciently strong to transmit the strain from one column to the other all 
round the circle. So that we not only have to provide for the dead compressive mid 
tensile strains in the columns^ but hkewise for the strains in the stmts and ties formimj 
the bracing, and which bind it together to form one cylinder. We shall endeavour to 
show, in a simple manner, how to determine and provide for both of the above. 

(2) But in addition to this capsizing tendency, the cantilever, being of such huge 
dimensions, and of comparatively frail character, is subject — Uke all structures of 
the kind — ^to buckling; and this brings us to the second effect of the forces. 

This buckling may be looked upon correctly as a tendency to distort out of 
the circle horizontally, and is due principally to the unequal distribution and 
unbalanced state of the forces as shown in figs. 9 and 10. (See Second Article.) 
As already stated, the gasholder bell, fitting within the cantilever frame, renders 
assistance in resisting this distortion by means of its strong rings in the form of 
cups, curbs, &c. It is more a matter of judgment and experience, than of calcula- 
tion, as to the value of the assistance they render. (See Note K, page 55.) 

In the case of the top curb, when made extra strong and properly designed — ^being 
virtually a ring plate girder — it could be depended upon for preserving the guide 
framing in its circular form at the top end. The standard then becomes a beam 
supported at each end and loaded opposite the cups. When, however, the top curb has 
only been designed of just sufficient strength to resist the dead compressive strains 
due to the pull of the top sheets only, it cannot be relied on for much support. The 
standard then becomes a cantilever or beam fixed at one end — viz., the base ; or it 
may receive partial support at the top end, and so be in a condition between the two. 
The same thing occurs when the guide-framing does not reach the full height, as in 
that we are dealing with more particularly in these articles. 

The bottom curb is unable to distort out of the circle, owing to the rigid wall of 
the tank ; and this exercises an influence over the lower part of the holder in preventing 
distortion. The cups, however, owing to their being very narrow rings compared with 
their diameter, cannot be relied upon for any substantial support. What, therefore, they 
refuse to render must be taken by the guide-framing itself. The value of the resistance 
to distortion rendered by the cups, necessarily varies according to the strength and 
number of them, and also as to whether they are required to resist racking strains 
from unsupported lifts. But as general, easily-applied rules, the following may be 
relied upon. 

III. — The bending moment (due to distorting forces) on one standard of the guide- 
framing — when the guide-frame is so thoroughly braced as to form it into a complete 
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cylindrical cantilever, and is of the full height of the gasholder (as in fig. 87 
page 59), the top curb also being sufficiently strong to resist the distorting force at 
the top — may be found thus : 

270 

Where B = the distance, centre to centre of the columns, or one hay (in feet), 
H = the total height of the holder (in feet), 
M = the bending moment required (in inch-tons). 
If this be divided by the breadth of the standard — Le., the distance from fi:ont to 
back — it will give the total strain on either flange, 

or Q»7n"^ "^ strain on one flange in tons, where K = the width of standard in 
^ '^ ^ inches, (See examples for more definite determination of K.) 

"D TT2 

or = strain per squai-e inch on iron, where s equals the sectional area of 

270 Ks Qj^Q flange in square inches. 

Note. — Working on the basis of a 40 lbs. wind pressure, Mr. B. Baker takes the effective 
distorting force on a gasholder (as here described) as equal to 14 lbs. pressure per square foot, 
distributed over a surface equal to about three-fourths of the total depth of the holder, multiplied by 
the distance between two columns. In our case we are only providing for a wind pressure of 80 lbs. 
The pressure would therefore be about 10 lbs. per square foot, if reduced in proportion. This 
total presssure he considers as distributed over a length of standard equal to ll-16ths of its height, 
or (say) three-fourths of the total depth of the gasholder. We cannot do better than follow this rule, 
as it accords very closely with the best practice; and it is upon this, therefore, that the above 
formulae are founded. 

When, however, the top curb cannot be relied on for any external support, 
it is obvious the strains on the standards are considerably increased. The three 
formulsB will then be as follows : — 

BH^ BH^ BH^ ,. , 

rijr!: ; ; — -t, , respectively. 

180 ' 180 K 180 K« ^ ^ 

Note. — Although the top curb and cups cannot be relied upon for perfect support, yet, before the 
gasholder guide-frame could be destroyed, they would offer considerable resistance. This has been 
considered in fixing the above formulae. 

But it is not so much with gasholders having the guide-fi:aming carried to the full 
height that we have to do, as with those of the reduced guide-firaming type. Here, it is 
certain, no support can be rendered to the framing by the top curb, as it is out of 
reach. We have, then, to rely upon (1) such cups as are below the summit of the 
guide-frame ; (2) the inherent sti&ess of the guide-firaming itself due to the system of 
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cross-bracing ; and (8) the resistance offered by each standard (acting as a vertical 
stiffener) to bending backwards as an independent cantilever. The top curb and those 
cups which tower above the top of the guide-framing, must be made sufl&ciently strong 
to resist the distorting force coming upon them, as they cannot receive any direct help 
from the framing. We know that the cups are incapable of standing much strain in 
this way ; so we may consider this as almost fatal to lowering the guide-framing very 
much below one lift. If the guide frame were reduced to a few feet from the ground, 
practically the whole of the distortion would come upon the holder, which it could not 
resist, not even if we disregard the other severe strains that would come upon it (as 
pointed out in the previous articles) consequent on such construction. 

If the guide-framing be shortened by the depth of one lift (as in figs. 85 and 
86 page 58), the strain on the standard may be found approximately by the follow- 
ing rule : — 

— — = bending moment B.t foot of standard. 

The other two formulae will read and „ respectively. 

loOii 180 KfS 

If it be required to determine the moment of resistance of a simple cast-iron 
column to bending — 

re - ^' 

Where A = sectional area of column, in square inches. 
di = diameter of column (mean), in inches. 
R = moment of resistance of cross section, in inch-tons (safe). 

This is approximately true (see Note L, page 56) when the safe resistance of the 
material is taken at 2^ tons per square inch, as a maximum strain. 

When we know the bending moment on a column, as determined by the above 
rules, we can, of course, find either the thickness or diameter ^ or sectional area of the 
column when we settle on one of them. 

Suppose we fix the diameter of column d^, then 

B W 1-6 . , .. 1-6 Bff . 

__^x_=A; or shortly -^-^= A 

where C is the constant 270, 180, or 180 according as to which of the three forms of 
construction is adopted. 

We can determine the thickness when we know the sectional area required for the 
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given diameter, because in a thin column we may, for all practical purposes, take the 
thickness as — 

3-14 X rfi 

Which is as simple and handy a rule as could be desired. 
If the thickness be given and the diameter is sought — 

2Gt 

These rules would apply to the column at a point half-way up the height of the 
gasholder, if the column were merely like a beam resting freely on supports at each 
end; but as the column or standard resembles a beam^-^rf at one end — viz., the base 
— and freely or partly supported at the other, the greatest bending moment, due to the 
distributed distorting forces, is at the base. We may therefore apply the rules for 
determining the thickness of the shaft just above the base. But, in addition to the 
thickness thus found, the sectional area must be augmented, in order to provide for the 
direct vertical stress upon the column due to its own weight and that of the allied 
framing, and also to the overturning action of the forces on the whole structure. 
These are also at a maximum at the base, and will now be dealt with. 

RESISTANCE OF THE GUIDE-FRAMING TO THE BODILY OVER- 
TURNING OF THE STRUCTURE AS A CYLINDER. 

As already explained, the standards are compressed on one side of the axis and 
lifted on the other. The moment of resistance to the bending can be determined as 
follows : — 

(1) Find the moment of inertia of one of the columns round its own axis. Call 
it Ii. Ii for round columns = -7854 (r*— ri*), where r and ri = external and internal 
diameter of the column. 

(2) Find the distances of each of the columns (on one-half) from the neutral axis 
of the whole system, which in this case corresponds with the diameter. Call it 
V, Vi, Va, . . . . respectively. (See fig. 25.) These distances can be found by 
drawing the diagram to scale, or by calculation thus : Multiply the radius of the column 
circle by the cosine of the angle Q, Qi, or Qa, as the case may be. 

(8) Find the sectional area of each of the columns. Call it A, Aj, A^, . . . 
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Fig. 25. 



The well-known expression for the moment of inertia of the whole system about 
the neutral axis, is as follows : — 

I=(I, + V^A) + (I,+ V,^A,)+ .... 

But Ij and A are the same for each of the columns (when the columns are sym- 
metrical). Therefore we may write the formula — 

I = nI, + A(V^ + Vi« + V,^ . . .); 

n being the number of columns on one side of the axis. 
The moment of resistance on one side of the axis — 

IC 
= = R, where R = moment of resistance. 

^ C = 10 for cast iron. 

15 for wrought iron. 

20 for steel. 

q — radius of column circle. 

Filling in the value of I, and multiplying by 2 for the two sides of the axis, we have 
the somewhat clumsy formula — 

K = 2 C [n X '7854 {r'-r^) + A (r^ + v \ + r^, + , . .)] 

'/• 

If we have the size of the columns given, as well as the other data, we can, of 
course, see how it compares with the bending moment on the whole structure. We 
have previously determined the force F, acting at the top of the standards to be 
(in pounds) — 

H "^SH 
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which, reduced to tons, and multiplied by the height of the standard (H), will give the 
bending moment M, in foot-tons. 

SBd' + ^ 

Hence M = — — — - — 
2240 

If we allow a factor of safety of 6, R must at least be equal to five times M. 

Note. — All dimensions must be of the same denomination in working these rules— that is, either 
feet or inches. B and M will then be given in foot-tons or inch-tons, whichever is selected. 

The above general formula may be much simplified, as follows: — As tbe 
material forming the cylindrical cantilever is disposed regularly around the circle — 
i.e., the whole of the columns are the same in strength, and spaced at equal distances 
apart — ^we may consider the columns as spread out into a thin cylinder, the formula 
for which is, according to Bankine and others : 

-j-Aj Di Ci = R, where Aj = the sectional area of the whole of the columns. 

This may be proved correct, either by working examples both ways, or as follows : — The radios of 
gyration for a cirde turning on its diameter is 0*7071 times its radius, or 0*7071^. 
The moment of inertia = {O'lOfllq)^ x Ai. 
The moment of resUtance = (0'7071g)» x Ai x C 

= AiCqx 0-7071*. 
But 0-7071* = 0-6, therefore B= -'^^ 
But we can substitute 2 '^^9' 
Hence B = i. AiDiC, as above. 

This simple formula will enable us to determine all we want as regards the 
resistance to the overturning of the structure as a cantilever. Taking a &ctor of 
safety of 5, and the ultimate resistance of cast iron, wrought iron, and steel as 10, 
15, and 20 tons per square inch respectively, we have for the moment of resistance 
in foot-tons {safe) : 

AD AD 

For cast iron, —^-^ ; wrought iron _* ^ ; steel, Ai Di. 
2 1*5 

Ai being the sectional area of all the columns, in square inches ; 
Di being the diameter of the column circle, in feet. 

It will be seen at a glance, how handy and simple these formulas are, when 
compared with the elaborate formula previously given. 
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The simplest expression for the overturning moment of wind and snow has 
1 given a 

in foot-tons. 



TVS 

been given as 8 D<? + — = M in foot-pounds, which, divided by 2240, will give M 



But B should equal M. 

D» 

Therefore -2^=^£J^ ^"^^^^ ""^""^ 

TT.r,nn 16 D^ + I D« , 

^^^^^ 2240 d! = A- 

But D is nearly equal to Dj in all eases. So that, for all practical purposes, we 
may substitute D for Di ; and then, dividing by the number of columns n, we have 
for the sectional area required to resist the (lead load on a single column or standard — 

For cast iron . . -/^"^ ^' = A^ 
8360 n 

For wrought iron . J! J = Ai 
^ 6040 n 

This sectional area must be added to that already found necessary for resisting dis- 
tortion*; but it may be distributed over the entire section of the standard. To this also 
might be added something for the dead weight of the column itself, as well as for 
defects in casting, bolt holes, &c., uncertain contraction, and structural strains partly 
due to fixing, &c. If of wrought iron, allowance must be made for joints and rivetting, 
and initial strains due to drawing the work together in rivetting, &c. These, however, 
are allowed for by substituting D for Di in the formula above, as also by the assistance 
rendered to the framing by its dead weight. (See Note M, page 67.) 

When the gasholder acts as a perfect cantilever there is very little strain on the 
standards. But it cannot do so perfectly ^ owing to the elastic nature of the iron, the 
unavoidable slackness of some of its parts, the effect of temperature (as well as 
elasticity) in altering the lengths of the parts, the imperfect contact of the bell with the 
guide-framing, due to the same and other causes, which enhance the strains on jyarts of 
the framing locally, however slight they may be. Undoubtedly all these influences 
tend to modify the application of the exact formula. It seems highly probable that the 
columns against which the holder is pushing would yield, and bend over dangerously, 
before the hindmost column would be affected to anything like the same extent, 
ftltbough the whole of them are bound together in one circle by the bracing. 
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In the formulsB now advanced, allowances are made for this, inasmuch as the 
maximum stresses of both wind and snow are provided for, as acting at one time ; and 
considerable allowance has been made for buckling and the distorting effect of the 
forces. Any attempt to determine the strains on a holder which disregards the latter, 
would be, to say the least, extremely dangerous to follow. 

Again, it would seem advisable to throw metal into the standards to make them 
act somewhat as independent posts, so as to reheve the strain on the diagonal bracing, 
which is very great when required to transmit the strain as a perfect cylinder 
should do. 

STRAINS ON THE BRACING. 

The girders and ties — or rather the struts and ties — ^which brace the whole system 
of standards into one cylindrical cantilever, are subject to very severe strains, especially 
when the standards are light. The girders or struts are, of course, in compression, 
and the ties in tension. The method of finding the strains on the bracing depends upon 
the following principles, relating to girders, and which are deduced from the ordinary 
formulae to be found in most text-books on the subject (Sheild's, D. K. Clark's, and 
others : — . 

(1) In a cantilever girder, the strain in the flanges at the abutment equals the 
sum of the horizontal components of all the ties— or, in other words, the 
strain in the flange at abutment, represents the horizontal shear on all the 
ties ; and if this total shear be divided by the number of ties (inclined the 
same way), it will give the horizontal shear on each, in the case of a canti- 
lever loaded at the extremity only, 

(2) If the cantilever be uniformly loaded over its entire length, the strain in the 
ties increases from the end towards the abutment, in the proportion 1, 2,8, 4, 
&c., counting from the free end to the abutment. 

(8) The strain on the vertical struts, in the case of the load applied at the 
extremity of the cantilever, is equal to the load throughout ; but if the 
load be uniformly distributed, the strain on the struts increases in the same 
proportion as the strain on the ties increases — ^viz., as 1, 2, 8, 4, &c., 
counting from the free end. 

(4) Therefore, when we have the total horizontal shear given, we can determine 
the strain on the ties and struts, for either a load applied at one end of the 
cantilever, or for a uniformly distributed load. But to get the direct 
strain on the ties, the horizontal shear must, of course, be resolved in the 
same direction as the ties — i.e. increased in the same proportion as the 
inclined length exceeds the horizontal length of tie. A similar course must 
be applied to the struts. 
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These principles caji easily be proved to be true, so we will pass on to the applica- 
tion of them to the guide-framing ; and, in doing so, it must be remembered that the 
guide-framing is a vertkal cantilever, whereas the above refer (in the wording) to a 
horizontal cantilever. But it makes no difference ; the principles are, of course, equally 
applicable to either a vertical or horizontal cantilever. 

The guide-framing, then, may be treated as a vertical cantilever, subject to hori- 
zontal pressures uniformly distributed. The only difficulty that arises is the determination 
of the distance apart of the centres of thrust and lift on either side of the neutral axis. 



Fig. 26. 

In an ordinary lattice girder, we have but two flanges ; and the distance apart of these 
centres is therefore apparent. But, in the case of a gasholder guide-frame, we have 
several flanges as it were on both sides of the axis, corresponding with the number of 
columns ; and the strain on them varying according to their distance from the axis. 
It is obvious, however, that there must be two points, one on each side of the axis, 
which we may term the centre of thrust and lift respectively, and which, if found, will 
enable us to determine the strain on the bracing, because they correspond with the 
tension and compression flanges in an ordinary girder, and the distance between them 
corresponds with the depth of the girder. 
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Mr. B. Baker considers these points as determined by the radius of gyration of the 
colamn circle (which is 0*7071 times the radius), and then allows amargin for inaccuracies 
in fixing, as well as for the dependence placed on the bracing for helping the standards 
to resist distortion, as before explained. But against this we must put the assistance 
rendered to the bracing by the dead weight of the structure itself, and which, as far as 
it affects the columns, is refered to in Note M, page 67. Bearing all these points in 
mind, we shall be quite safe in fixing the distance apart of the vertical shearing planes 
at three-fourths of the diameter of the holder, or f D. 

The total thrust downwards on one side (Si) is, of course, /I by the ordinary 

cantilever formula for strains in flanges at abutment ; and, by principle 1, the shear 
on all the ties in the plane x y ib equal to this shear (fig. 26). But the shearing 
plane cuts the framing through in two places — viz., at x and y. The shear on the one 

Pd 
side, therefore, is --— 

8D<i,+-o- 
But Pd= -2240 ''(foot-tons) 

Therefore =^np: = *PP^^^^"^^*®^y- i?i^- » which we will call Sj. 
1^ U lUOUU 

This shearing force increases from top to bottom in accordance with Principle 2, 
because the load on the cantilever may be considered as uniformly distributed. The 
stifbess of the standards converts the forces given out opposite the roller carriages only, 
into a distributed load, so far as the bracing is concerned. 

For convenience, we will resolve this total shear into an inclined force, and a 
horizontal one, as per Principle 4. 

In fig. 27, Si represents the shear (vertical) ; T, the inclination of the ties ; and 
Bi, the horizontal struts. Let T be the length of a tie, B the length of a strut, and Bi 
the vertical distance between two struts ; then — 

Q m 

Si resolved into direction T =— ,V » ^^^^ ^* ^ 

Bi 

Si „ „ „ B = ?L^ , call it Y. 

Bi 
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Now by Principles 2 and 8 we have for the strains on the ties and struts, supposing 
there are four sets or panels in height, as in fig. 26 — 

1 + 2 + 8 + 4= 10. 
Tension on the top tie, or No. 1 = ^^ X. 
next „ „ 2 = i X. 

»» l» 91 l> V = -j^ A. 

II »» »l »> ^ ^ "f ^' 

Thrust on the top strut, No. 1 = :,^ Y. 
„ next „ „ 2 = ^ Y. 

II II II II o = ^1^ X. 

II II II >i 4 = "J i» 

Note.— There are two ties in eaoh panel, crossing one another ; bat only one of them oan be under 
strain at a time, so eaoh mast be made to stand the fall strain as foand above. 




Fig. 27. 

In treating of the bracing, we have assumed that it receives no assistance from the 
side sti&ess of the standards, which latter we have treated as only of sufficient strength 
to resist the vertical load upon them, and the distorting effect. If the standards are 
excessively rigid beyond what is demanded by the rules laid down, the bracing is relieved 
proportionally. 

The foregoing formulae given in this article, relate particularly to the complete 
cylinder type of framing. If the gasholder belongs to the independent post type, or 
the composite type, the formulas do not apply. The formulae then vary according to 
the number of tiers of girders, the strength of the ties, &c. — ^in fact, as to how nearly 
it approaches the cylinder type. We will now give these our attention. 
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GASHOLDERS OF THE MULTIPOST TYPE. 

Li determining the strains on gasholders of this type (fig. 88, page 59) we are met 
with the difficulty of variety in design. We have, indeed, everything from the simple 
gasholder with vertical posts and no connecting girders or tiers whatever, to that having 
one, two, three, and occasionally four tiers of girders ; the girders being sometimes of 
wrought iron, deep, strong, and well-attached to the columns, or they maybe poor frail 
things, insufficiently attached, perhaps of cast-iron open-work, practically useless 
except for ornament and the bare appearance of strength. Then, again, the girders 
may be either upright, or lying on their sides so as to form a stiff ring ; or both plans 
may be blended in one structure. Then, the columns or standards may be of any 
variety of shape— round, tripod, or T shape; I shape, diamond, or square (figs. 28, 29, 
and 80)— all having their peculiarities and influence on the strength of the structure as 
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Fig. 28. 
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a whole. They may be of cast iron, wrought iron, or steel ; arranged in pairs or 
singly ; either with or without diagonal rods between them ; and perhaps with horizontal 
bracing at the top— Paddon's ties. We then have the excess of strength in the gas- 
holder bell in cups and curbs lending horizontal stiffness to the frame. (See Note , 
page 78.) All this makes it very difficult to give general rules which will apply with equal 
truth to every variety ; but we may lay down the following principles to aid us in 
classifying the different features and their influences. 

The strength of gasholders may be considered to vary as — 

1. The number of columns or standards. 

2. The transverse strength of one column taken independently of the rest. 
8. The total overturning pressure. 

4. The number of tiers or girders and their stiffness, and the extent of the bracing 

(if any) between the columns. 

5. Surplus strength of gasholder bell in cups and curbs — stifi&iess generally — to 

resist distortion. The more cups and curbs, the greater the resistance to 
distortion. 

6. The workmanship, material, nature of junction, and design of details generally. 

We can construct formulae embodying these variations, which will give the bending 
moment each column or standard is called upon to resist. It is then, of course, very 
easy to proportion the column to meet this bending moment, as will be shown when we 
apply the formulae to examples. 

Let D = the diameter of the outer lift, in feet. 

d = the total depth of the gasholder when right up, in feet. 
N = number of columns. 

C = constant, varying according to the design and wind pressures, thus : 
For gasholder having guide-framing iixefull height — 

8 lifts and 8 tiers girders = 800 
8 . „ 2 „ „ = 260 
2 „ 2 „ „ = 200 
2 „ 1 „ „ = 150 
1 „ 1 „ „ = 100 

In applying these constants, they must be modified as follows : — If the gasholder 
be well sheltered from wind all round, 25 per cent, may be added to them. If, on the 

B 2 
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other hand, it is exposed to great wind pressure, 25 per cent, should be deducted. And 
in special cases, where erected on the coast (and unprotected in any way from furious 
gales), they may be reduced as much as 50 per cent., as it is absolutely necessary to err 
on the side of safety, to allow for contingencies even under the best supervision. 

Having modified the constant according to w^d pressure, call it Gi ; and then still 
further modify it as follows : — 

If diagonal ties, add from ^Gi to ^ Gi, according to the strength and attachment 
of same. 

If curbs and cups are very strong, add ^ Ci. 

If girders are shallow, and not well attached or bracketed to columns, deduct 
* C, to i a. 

If standards lack lateral or side stiffeners, dediu^t ^ G^ 

If workmanship or materials are of inferior character, deduct ^ Gi to ^ Gi. 
(This embraces unfair holes and bad riveting ; loose fitting bolts, instead 
of rivets ; work unduly strained by drawing together ; ties not taut ; junc- 
tions and details generally badly designed and proportioned ; guides out of 
plumb ; rollers badly adjusted ; &c., &c.) 

Then M, the bending moment at foot of one column or standard (in foot-tons) = 

D X d' 
N X C 

Having determined this, we know, of course, that the moment of resistance, B, of 
the column or standard must be equal to it. 

E, for ordinary round cast-iron columns = approximately, 

^4:^ifoot.tons. 
1-6 

Where A = sectional area of column (in square inches), 
„ di = diameter of column (in feet). 

R, for latticed standards, or web plate standards of symmetrical cross-section, 
wrought iron = 5 A di, steel = 8 A dj. 

Where A = effective sectional area of back flange, in square inches, 
„ di = depth of standard from front to back, in feet. 

Note. — The oonstants 5 and 8 may well be reduced if the standard be of the lattice type, and the 
** pitch '' of the lattices is excessive. 

Cast-iron standards, with open webs^and varions thicknesses of metal are in every way inferior to 
wronght-iron ; so we need not consider them. The same remark applies to oast-iron girders. 

Where the section of a web-plate standard is unsymmetrical, it requires special treatment. The 
resistance of one flange mast be multiplied by its distance from the centre of gravity of the cross 
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section of the standard (assumed neutral axis) ; then the doable of this prodnot will give approximately 
the resistance of the standard to bending (B). 

Gasholders with reduced guide-framing should have diagonal ties added 
to the guide-framing, of sufficient strength to bring them under the cantilever cylinder 
type described in the third article ; and the several lifts must be stiffened up to meet the 
extra strains, as directed in the second article. Also tangential as well as radial rollers 
should be adopted, to assist in getting a good fit and grip between the holder and the 
guide-framing. 



Note I. 

Iron shortens or lengthens about laioo ^^ P^^ ^^ ^^^ length for every ton per 
square inch strain upon it. This property of the elasticity of iron is very apparent in 
a large gasholder. For example, we will take the shortening of the top curb of a gas- 
holder 200 feet diameter. The circumference in inches would be 7540, one- twelve- 
thousandth of which is 0*628 of an inch. Therefore the curb would shorten 0*628 of 
an inch for every ton strain ; and as top curbs are frequently strained up to 4 tons per 
square inch (sometimes a very great deal more), the total shortening would be at least 
2^ inches, which means a reduction in the diameter of more than f inch. It follows 
therefore, that the top rollers are off the guide face by f inch all round, when the 
holder is right up, and the curb is fully strained. The strain on the top curb is, of 
course, due to the pull of the top sheets ; and this varies according to the pressure of 
gas within. When the holder is ** down," there is practically no strain on the curb; 
and it is therefore at its full diameter. The roller carriages may be adjusted so that 
the rollers are absolutely tight against the guides when in this position ; but immedi- 
ately the holder rises, the pull of the sheeting compresses the ring, and so draws off 
the top rollers — ^making " play" — and each time the holder picks up weight (that is, 
cups), the curb shortens and the rollers leave the guides still more. This should not 
be allowed for by adjusting the rollers when the holder is at its full height, because 
when the holder descends and the curb swells in diameter, the strains on the rollers 
would be enormous unless the carriages are very springy, besides over-straining the 
framing. 

Of course, this property of shortening under compression, and lengthening under 
tension, is applicable to the whole structure ; the above has been chosen merely as 
an illustration. Therefore we see at once that there is no such thing as absolute and 
perfect fit in a huge structure like a gasholder; and, consequently, it would be very 
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unwise to construct holders with only a few feet of guide-framing, as they depend 
upon perfect fit and absolute rigidity in all their parts. It is this same principle 
that makes it necessary to have the lifts of the gasholder at least one-fifth of the 
diameter in depth, to prevent tilting, and to economize material. 

Again, the difference in temperature between winter and summer will cause the 
lengths of the various parts to vary. They may be ^^^th part of their length shorter 
in winter than in summer.* These variations, due to elasticity and temperature, 
modify to a certain extent the cantilever treatment of the guide-framing, because of 
the impossibility of getting each part to perfectly do the duty and fill the office expected 
of it. 

NOTB J. 

The pressure of the bottom rollers against the tank guides varies according to the 
height of the guide-framing. If the guide-framing be carried to the full height, the 
pressure of the gasholder against it is shown in fig. 81 ; the wind being uniformly 
distributed throughout the whole height of the holder, and acting in a horizontal 
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Fig. 31. 



Fig. 32. 



Fig. 33. 



direction. The pressure is distributed amongst the rollers on the three lifts 
approximately as shown. We say approximately because, should the rollers on the 
middle lift be too weak, or yield a little to the strain, it would throw more pressure on 
the rollers above and below. If the guide-framing be carried to the height of two 
lifts only, the pressure may be taken as in fig. 82. If the framing stop short at the 
outer lift, the pressures are indicated in fig. 88. 

In all cases D represents the diameter of the holder, and d the depth of one lift — 
both in feet. The pressure is the resultant pressure in pounds distributed on the one 
circle— -not the pressure on each roller. The arrows indicate the direction. The 

* See Barlow's " Strength of Materials," p. 280. 
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pressures given are those due to the wind only* The effect due to the weight of snow 
can easily be added, if desired. 

It has been suggested that the gasholder has a tendency to fall against the wind, 
because its centre of gravity is above the centre of pressure of the wind* This can 
never happen as long as the base is restricted from advancing. It is impossible to 
cause the heavy headed stick shown in fig. 84 to fall backwards when struck in the 
direction indicated by the arrow P, although its centre of gravity is above the point 




Fia. 34. 

struck. It is bound to fall forwards, owing tp the restricted base. A gasholder is an 
analogous case. When subject to a sudden gust of wind, it has a momentary tendency 
to fall backwards, or, more correctly, to thrust the bottom curb suddenly forward, 
hard against the guides. But as it meets with resistance, the top, of course, goes 
forward ; and, if the wind is a steady, constant push, the pressures given out will be 
approximately as indicated in the foregoing diagrams. 

Note K. 

Even in the case of a simple plate girder, the exact calculation of the buckling 
tendency is practically impossible — the extent of stiffening necessary for the web has 
been determined by experience, and is quite foreign to all ordinary formulaa relating to 
the strength of girders, which formulsa only provide for the strength of flanges and 
web to resist the load, omitting the buckling tendency altogether. Speaking on this 
subject, Weyrauch states that " experiments have long shown that the plate-girder 
fails first by side buckling ; the forces thus arising elude any systematic investigation.'''^ 
If this be brue for a simple plate-girder, how much more so for a complicated structure 
like a gasholder. In a single column or strut, subject to direct load, the determination 
of the buckling tendency is very diflBcult. How much more so, then, for a column 

* See " Strength and Determination of the Dimensions of Straotnres of Iron and Steel," by 
Dr. J. J. Weyranch. Box, on *< Strength of Materials,'* also gives nnmerons examples proving this. 



Digitized by 



Google 



S6 THE GUIDE-FRAMING OF GASHOLDERS. 

built up of a group of columns, latticed together, and subjected to forces acting 
indirectly upon them and in various planes and directions. The formulsd given in 
the article, therefore, are to be preferred to a deep mathematical investigation based 
on merely theoretical conditions, and which is Ukely to be very much wider from the 
truth. 

NOTB L, 

I C 
The general formula for the strength of a cylindrical cantilever w ^ = W* 

Where I = moment of inertia of the section. 

G = ultimate (tensile) resistance of the material per square inch (say, 
wrought iron, 20 tons ; cast iron, 10 tons ; steel, 80 tons). 

r = radius (external), 
ri = radius (internal). 
L = length of cantilever. 
W = breaking weight, in tons. 
Or, filling in the value of I for a circle, 

^ - rL. 

All other rules found in text-books are based upon this, though the way in which they 
are expressed may vary. Humber, Molesworth, and others, give rules which can be 
proved to agree with the above. 

For very thin cylinders, however, it is not thought necessary to burden the formula 
with the two radii, as the difference is so sUght. Bankine, Clark, Fairbaim, 
Trautwine, and others, therefore substitute the following approximation ; — 

ADC -7854 DH C 



-, or 



4 L ' "* L 

Where A = the sectional area in square inches, 
D = the diameter of the cylinder, 
t = the thickness. 

As regards the constant C, Fairbaim found, from several experiments, that it was 
about 18 tons per square inch for wrought iron (Trautwine gives 21 tons). 

Experiments have been made with thin wrought-iron tubes, varying from 
12 inches to 24 inches diameter, and from ^ to ^ inch thick ; and it was found that, as 
the thickness is reduced, the strength decreases at a greater ratio, and that the 
strength doos not advance exactly as the diameter, but at a somewhat less ratio. 
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The general formula when applied to the experimental 24-inch diameter beam 
gives a breaking weight about double of that at which the tul^e actually broke ; and 
the experiments go to prove that, as the diameter increases, the formula becomes 
more and more unreliable — the divergence accelerating rapidly; this being due to 
the fact that the formula does not provide for buckling or lateral stiffiiess. Mr. B. 
Baker, Mr. D. Einnear Clark, and others, draw attention to this omission in the 
general formula/' 

In the case of an iron ship, the skin is more than strong enough to take the direct 
strain upon it ; but over and &bove this* it is stiffened by stays. According to Bankine, 
the space between the stays should not exceed <say) 40 times the thickness of the skin ; 
otherwise the skin would yield by lmckUng.\ The same applies to very hollow beams. 
They must be stiffened up, or they will yield by buckling ; and for this the ordinary 
formula makes no provision. We, therefore, see its inapplicabiUty to the gasholder for 
determining the strains. Something more is wanted to go hand in hand with it, and 
that is an allowance for buckling, distortion, or, as it is sometimes called, wririkUng, 
which allowance has been made in these articles. 

Note M. 

The columns on the lifting or tensile half of the cantilever are, of course, aided by 
their own weight, and the weight of the allied framing. The columns near the axis 
have very little lifting force upon them. Consequently their own weight more than 
balances it ; but as the columns recede farther from the axis, the lifting strain increases 
until it exceeds the weight of the column. The actual upward lift on the outermost 
column is, of course, the difference between the calculated lift, and its own weight ; 
assuming the structure to be a perfect cantilever. The columns on the crushing side of 
the cantilever guide-framing are, of course, further strained by the addition of their own 
weight. As the wind may blow from any quarter, all the columns must be of equal 
strength, as each in turn may be the most severely strained one. 

The strength of a column isy of course, increased to a much greater extent by 
adding to the sectional area than it is impaired by the additional weight. Again, the 
heavier the structure, the greater is the dead weight to set in motion by the capsizing 
forces. It is to this, added to their individual tranverse strength, that the columns in 
the old style of guide-framing mainly owe their stability. 

* See " Bales and Tables for Mechanioal Engineers,** p. 512. 
t See Bankine on ** Shipbuilding." 
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FOUBTH ABTICLE. 

EXAMPLES AND CONCLUSIONS. 

We will now briefly recapitulate what has already been advanced. 

The first article was an inquiry into the general principles involved in the stability 
of gasholders, and the effect produced by shortening the guide-framing. It was proved 
that in any gasholder the depth of each lift must be equal to at least one-seventh the 
diameter ; and that under certain conditions it may be admissible to reduce the height 
of the guide-framing to that of the depth of the outer lift only, but no shorter. 

The second article treated of the first condition necessary for the stability of gas- 
holders having reduced guide-framing — ^viz., that each lift must be rigid in itself, and 
unable to distort under the strains indu>ced. We gave rules for determining the magnitude 
and character of the extra strains induced by this method of construction, illustrated 



Fig. 35. Fig. 36. 

by examples ; and found as general results that in three-lift gasholders the guide- 
framing must reach at least as high as the top of the middle lift when the bell is right up 
(fig. 32), otherwise the holder would be unsafe ; and that double-lift gasholders could be 
made with the guide-framing stopping short at the outer lift, providing the depth of 
each lift is fully one-fourth of the diameter. 
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In the last or third article, we considered the second condition necessary for the 
stability of gasholders with foreshortened guide-framing— viz., that the guide-framiTuj 
itself must he perfectly rigid and unyielding, otherwise it will admit of the projecting lift 
or lifts swaying over dangerously. We resolved that it was practically a matter of 
strength, or of determining the strains, and then designing the guide-framing to meet 
them. We divided gasholder guide-framing into two distinct classes — ^viz., the simple 
cylinder and the multipost types. (See Note N, page 72.) We then demonstrated the 



Fig. 37. Fig. 38. 

principles to be observed in finding the strains, and deduced simple, practical rules for 
gasholders of both types (figs. 85, 86, 87, and 88). 

We will now apply the rules for the strength of guide-framing to a few actual 
examples ; concluding with a summary of the whole question. 

CANTILEVER TYPE. 

EXAMPLE I.— SOUTH METROPOLITAN GASHOLDER, OLD KENT ROAD. 

DESIGNED BY MR. GEORGE LIVESEY (I SHAPE, WEB-PLATE STAN- 

DARD, see FIG. 29 C, page 60.) 

D (the diameter of gasholder) = 214 feet. 

H or d (the total height of holder) = 160 „ 

N (the number of standards) =24 „ 

B (the distance centre to centre of standards) = 28^ „ 

A (the effective sectional area of back flange) = 10 sq. inches. 

Now applying formula for bending moment, due to distorting influences,* 

Bff ^ m X 160 X 160 ^ 2702 (inch-tons). 
270 270 "^ ^ 

The standard being in effect a plate girder, and the front flange having so much 
* See the last article for method of treatment. 
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more material in it than the back flange, the neutral axis will not pass midway between 
the flanges, but through the centre of gravity of the cross section of the standard. 
Therefore in determining the moment of resistance of the standard, we must take the 
sectional area of either flange, and multiply it by its distance from the neutral axis. 
Twice the product into the resistance of the material (per square inch) will give the 
moment of resistance (E) very nearly.* 

In this particular example the centre of gravity of the cross section of the standard 
is easily determined to be 19*8 inches from the back flange. The effective sectional area 
of the back flange is about 10 square inches. This multiplied by twice the distance 
from the neutral axis = 10 x 19*8 x 2 = 886. The bending moment we found to be 
2702, which, divided by the above, will give the actual strain upon the iron per square 
inch, or 7 tons per square inch, due to distorting strains set up in the holder by the one- 
sided application of the maximum wind pressure, and through it communicated to the 
standards. 

Now, applying the rule for dead thrust, we have 
2i^+D^ ^ (24 X 160 X 160) + (214 x 214) ^ ^^^^^ ^ 

6040 N 6040 X 24 ^ ^ re^iiureu. 

The spare section about the neutral axis of the web plate in the standard is competent 
to meet this dead thrust ; the total section of web being equal to 10 square inches 
fuUy. 

Strain on lies and Struts. — Referring to the third article, we find Si, the vertical 
shear = 

24d« + D^ 24 X 160 X 160 + 214 x 214 ^^ . 

10,000 = 10:060 = ^^ *"^'- 

which, resolved in the direction of tie = 66 x 2*05 = 186 tons. 
„ „ „ strut = 66 X 1*76 = 116 tons. 

There are five bays of double bracing = 

l + 2-f8-f4-f6 = 16. 

Q^^:^ :*. Effective Section 

Stram m— ^^^^^ 

First or top set = tV x 186 = 9 tons 2 bars 4 x f = 4 sq. ins. 
Second „ „ = ^ x 185 = 18 „ „ 5 x f = 5 „ „ 

Third „ „ = 3SV X 185 = 27 „ „ 6 x | = 6 „ „ 

Fourth „ „ = 3^ X 185 = 86 „ „ 7 x | = 7 „ „ 

Fifth or bottom = ^V X 185 = 45 „ „ 8 x | = 8 „ „ 

* This is not strictly correct ; but it is very near the truth. 
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The strain per square inch is, therefore, 2^ tons on the top set ; and increasing to 
fully 5^ tons per square inch on the lowermost set, which is quite safe. 
Strains on the Struts — 



First or 


top ring 


= ^ X 116 = (say) 8 tons 


Second 


>i 


= ^xlU= „ 16 „ 


Third 


)i 


= A X 116 = „ 28 „ 


Fourth 


>> 


= ^ X 116 = „ 80 „ 


Fifth 


»> 


= A X 115 = „ 88 „ 



The effective sectional area of each strut is something like 15 square inches ; so that 
in the lowermost one, it is only about 2^ tons compression per square inch, whereas in 
the top ring it is only about i ton. (See Note P, page 78.) 

EXAMPLE II.— LARGE GASHOLDER AT BIRMINGHAM. DESIGNED 
BY MR. CHARLES HUNT. 

D = 288 feet, d ot B. = 160 feet. N = 26. B = 29 feet. 
K = 60 inches A = 16 square inches (effective). 

Applying the formula ^ we have ^^ ^^^^^ ^ ^" = 60* tons. 

Allowing a strain on the iron of 5 tons per square inch, we require say 12 square 
inches in each flange. The actual effective area is 16 ; so that we have a margin of 
4 square inches in each, or a total of 8 square inches to meet the thrust and lift strains. 
These by the formula, 

24^+^^ _ 24 X 150 X 150 + 288 x 288 ^ ^. ^^ . 

TOIOT? 5040 X 26 * ^ ® ^^^^ reqmred. 

One boom only is therefore suf&cient to meet these strains. The ties in this case attach 
to the back flange or boom of the standard ; so that the strains they induce are chiefly 
carried or transmitted by that flange. 

As regards the bracing between the standards, the number of panels or sets of 
struts and ties are the same as in the last example — ^viz., five ; and on applying the 
formulsd, it will be found that the strains are almost precisely the same, bar for bar, as 
for the previous example, but the sections of iron allowed are a little stronger. We 
need not repeat the method, as it would practically agree with the above. 

In both these examples, we note that the ties and struts in the upper part appear 
much stronger than needful to meet the estimated strains ; but this is correct for the 
following reasons: — 

(1) The excess of strength in the upper struts, together with the wind ties (some- 
times called Paddon's ties), helps to resist the tendency'bf the^ming to distort out of 
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shape horizontally, as they act like so many stiff rings or curbs. This help is most 
needed at the top, because the lower portion of the cylinder of guide-framing is fixed 
to the soUd tank, and cannot therefore distort out of the circle ; but the upper part 
depends upon the stiff rings not only in the holder, but in the framing itself quite as 
much as upon the stiffness of the standards acting as independent posts or cantilevers. 

(2) The wind pressure and other overturning forces act upon the standards through 
the roller carriages, which, of course, are at points up the standard ; and therefore, 
properly speaking, the forces are not uniformly distributed. A great deal of the force 
is given out by the top rollers at the top of the fruming, making the upper part of the 
standard like a beam loaded at one end only ; and therefore increasing the strain on 
the top bays. These are good reasons for the apparent excess of strength. 

Note. — It is, of coarse, an easy matter to determine the strains due to the forces acting at points 
up the front of the standards, instead of being distributed as we have taken them ; bat for aU practical 
purposes, we may take as a reliable rule that the top ties should not be less than half the sectional area 
of the bottom set — the others being proportionaUy treated. The struts should be of equal strength and 
stiffness throughout, so as to resist distortion. 

EXAMPLE m. 
The largest gasholder in the world is the four-lift one erected at the East Oreen- 
wich works from the designs of Mr. George Livesey. The guide-framing is carried to 
the full height of the gasholder, and consists of 28 wrought-iron web-plate standards of 
I section (see fig. 29 D), braced together into one huge cylinder by six tiers of struts 
and systems of diagonal bracing. 

D (the diameter of gasholder) = (say) 250 feet. 
H or d (the total effective depth) = — 180 „ 
N (number of standards) = — 28 „ 

B (centre to centre of standards) = (say) 28 „ 
Assuming that the top curb is able to offer resistance to distortion at the top, 
aided by the Paddon's ties, we have — 

M = ^^ 28 X 180^X 180 ^ gggQ ^^^ ^^g ^ ^^ bending moment on 

each standard. 

The cross section of the standard displays a great deal more material in the 
front than in the back flange ; and, being a web-plate girder, the neutral axis will 
fall nearer to the front flange, or about 20 inches from the back flange. The sectional 
area of the back flange is fully 11 square inches effective. 11 x 20 x 2 = 440. 

— = 7'6ton9 per square inch. 



440 440 
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This is the strain on the flanges of the standard, due to the distorting influence of 
the maximum wind pressure on the whole gasholder. 

The dead thrust on one standard, due to the overturning action of the wind, 
requires by the formula — 

(24 X 180 X 180) + (260 x 260) , ^ . , _ 

The sectional area of the web is 9 square inches. The metal about the neutral 
axis, together with the concrete filling in the front guide, will therefore fully meet 
this strain of dead thrust on the standard, due to the overturning action of the wind. 
We still have the bracing to treat of. Applying the formula for vertical shear — 
g _ 24(^ + D^ , (24 X 180 X 180) + (260 x 260) _ g. . 
' 10,000 10,000 

The bracing between the standards consists of six tiers of horizontal struts and 
two distinct series of cross ties ; one set being of steel (represented in fig. 89 by the 
thick lines), and the other of wrought iron (indicated in the illustra- 
tion by thin lines). 

We will deal with each series separately, and as resisting the whole 
vertical shear (84 tons). Taking the main steel ties first, the 
84 tons resolved in the direction of these main ties = 116 tons. As 
there are six panels of ties in the height, we have — 
1 + 2 + 8 + 4 + 6 + 6 = 21. 




Strain in — 
Top tier 
Second ,, 
Third „ 
Fourth „ 

Fifth 
Bottom 






= ^ of 116= 6-6 tons. 
= ^ of 116 = 11-0 „ 
= Aofll6 = 16-6 „ 
= »^of 116 = 22-2 „ 
= ^0^116 = 27-6 „ 
= ^ofll6 = 88-2 „ 



Effective 
K section of tie 
allowed. 



Square 
Inches. 

= 2i 
= 8 
= 8i 
= 4 
= 4i 
= 6 



Fig. 



The lowermost ties are 10 in. by | in. The effective sectional 
area after allowing for the riveted junction, equals (say) 6 square 
inches, which is therefore less than 7 tons per square inch — a very 
safe working strain for steel. The ties decrease an inch in width every 
bay ; the topmost being 6 in. by f in. There is therefore but little 
more than 2 tons per square inch on the top ties ; the balaQce of 



strength going towards preservation of form, &c., as already explained. 
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We see from the foregoing that, providing the standards are stiff enough in them- 
selves, the main steel ties are all that would be required. But in this case they would 
lack lateral stiffness, unless braced intermediately — the pitch of the main steel ties 
being about BO feet ; and we must remember that the formula applied to the standards 
assumes that they (the standards) are thoroughly lashed together into one complete 
cylinder. 

We will now consider the whole shear (84 tons) as coming upon the secondary ties 
only. Resolving it into the required direction, we have 166 tons, and halving it, because 
there are two pairs of ties in each panel, we get 78 tons as the inclined pull to be split 
up amongst the six panels, or strain on 



Top tiers = -^ x 
Second „ = ^ x 
Third „ = ^ft X 
Fourth „ = A X 
Fifth „ = A X 
Sixth „ = Sr X 



78 = 8*7 sectional area allowed = 2^ sq. ins. 

78 = 7-4 „ „ = 8 

78 = 11-1 „ „ =Si 

78 = 14-9 „ ,, = 4 

78 = 18-6 „ „ = ^ 

78 = 22-2 „ „ = 6 



The strain on the most severely strained tie is thus barely 4J tons per square inch 
— a very safe strain for wrought iron in tension. 

We see, therefore, that we have two distinct series of ties, each capable of standing 
the entire strain. No doubt the object has been, not only to give the standards 
greater support laterally, but likewise to provide against the possibility of a tie snap- 
ping ; because if one tie snaps, it might upset the whole structure — like the snapping 
of one link in a chain. In the cantilever form of construction, so much depends upon 
the ties being taut, and not giving way, unless the parts are duplicated as in this 
instance. 

As regards the struts, by applying the process already described, we find the 
strain on the bottom one = 22 tons compression. The section of the strut is ample 
and well adapted by its form to resist this thrust ; so we need not enter further into 
details. 

The foregoing are examples of holders having the guide-framing carried to the full 
height, and with wrought-iron framed standards. The next example will be one where 
the guide-framing stops at the middle lift, and has cast-iron columns braced into one 
cylinder. It is the first and only one of the kind in existence, and was designed by 
Mr. George Livesey. 
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EXAMPLE IV.— BOTHEEHITHE GASHOLDER. 

D = 158. d. or H = 75. N = 18. B = 80. di (diameter of column) 
= 86 inches. Thickness (say) I inch. Two tiers of girders to act as struts, 
with strong flat-iron ties between. 
Applying the formula, we find that the sectional area of one column required to 
meet the distorting strains only equals — 

1-6 Bff 1-6x80x75x75 .^ . , 

-iSOj; = —- TBO-x 36— - = '^ ^^^^^^ '^'^''' 
Sectional area required to meet direct thrust and lift strains for one colunm equals — 
24 d^ + D' _ 24 X 75 X 75 + 158 x 158 ^^, 
3360 X N 3360 x 18 * 

Making a total sectional area of at least 60^ square inches required when th(3 columns 
are braced together so as to form one complete cylinder cantilever. The actual sec- 
tional area of the column is about 137 square inches, which is, therefore, more 
than sufficient. 

In working the strains on the bracing, we must, for convenience, assume the guide- 
framing as reaching the full height of the holder, which would make it three bays. 
The reason for this is that the strain on the bottom set of diagonal ties is the same 
as if the guide-frame ran to the full height. 

g ^ 24 d^ + D^ ^ 24 X 75 X 75 +J53 xi53 ^ ^^, ^^^^ 
10,000 10,000 * 

This, increased in the proportion that the tie bears to the pitch, equals for the ties 
(or X) 25 tons, and for the struts (or Y) 19 tons. 

1 + 2 + 8=6. 
Upper ties = | of 25 = 8J tons or (say) 2 sq. in. required. 
Bottom ties = f of25 = 12^ „ ,, 3 

Section allowed upper tie = 5 x f flat „ 2^ sq. in, effective. 
„ „ bottoin „ = 6 X I „ »i 8 ,, „ 

Thrust on struts = 6^ and 9J tons respectively. The girders arc amply strong to 
meet this, 
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INDEPENDENT COLUMN GASHOLDERS. 

EXAMPLE I. 

We will take a treble-lift gasholder having cast-iron columns 3 feet diameter, and 
three tiers of wrought-iron trellis girders, braced with light ties, all of best workman- 
ship and design, and subject to ordinary inland wind pressure : 

D = 150. d = 105. N = 18. 

Now, to apply the formula * — ^ , we must first determine C, in accordance 

N X C 

with the rules in the preceding article. 

For three lifts and three tiers girders = 800 
Add one-fifth for diagonal ties = 60 

Add stiffness of cups, &c., one- tenth = 80 

890 
Deduct for shallow girders un- 

bracketed, one-fifth 60 



880 = C. 
The bending moment on one column is therefore — 

150 X 105 X 105 ^„^^ ,, 
18 X 880 =278 foot-tons. 

The moment of resistance of a cast-iron column 8 feet diameter, If inch thick, by 
the rule — . 

A d 150 X 8 ^^, , , , 
1-6 ~ 1-6 ~ foot-tons, 

which is practically what is required. But to allow for inaccuracies in casting, con- 
traction strains, <fec., it would be as well to make them (say) 1^ inches thick at the base. 

EXAMPLE II. 

If the same size gasholder as the last be constructed with 18 wrought-iron framed 
standards (I shape), instead of cast-iron columns, C in the formula must be reduced to 
800, to allow for the flexibility of the standards sideways, &c. This will increase the 
bending moment to 806 foot-tons on one standard. Now, supposing the standard to be 
5 feet deep from back to front, we have ^§^ = (say) 61 tons strain on one flange, which 
at 6 tons per square inch, gives at least 12 square inches required. This may be met 
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by a 12-mch by J- inch table plate, and two angle-irons 4-inch by 4-inch by f- inch, 
which together would give, after deducting rivet-holes, &c., about 12 square inches 
effective area. 

Note. — The only objection to I-shaped standards is that they lack lateral stiffness. Diagonal 
bracing should, therefore, be adopted ; and either the distance from tier to tier of the girders should 
not be too great, or the bracing between the standards should be double. Standards should also be 
strutted to the girders horizontally. 

T-shaped standards are much in favour, because they are very stiff sideways. The 
front member does its share of the work, and relieves the diagonal ties of much strain . 
In fact, the standard becomes a double one, so to speak. It offers resistance both 
radially and tangentially ; and in determining E, the resistance of the two members, 
both front and back, must be added together. But in doing so, only half of the 
theoretical resistance of the front member should be taken as effective. 
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CONCLUSIONS. 

Having now gi\en the method of determining the strength, or, in other words, 
the stabihty of a gasholder, and illustrated it fully by examples, we are in a position 
to answer for the safety of any existing structure, or, on the other hand, to design any 
gasholder having one or several lists, with either partial or complete guide-framing. 

The height to which the guide-frame must extend, we find does not depend upon 
considerations affecting the guide-framing itself ; but it is limited rather by the bell or 
floating part of the holder. 

We find that, as regards the guide-framing itself, it might very well stop short at 
the outer lift of any gasholder, no matter what size or how many lifts, because, when 
we leave out of consideration the help it receives from the stifbess of the curbs, cups, 
&c., of the bell, the strain on the guide-framing is the same theoretically as it would be 
if the frame extended to the full height of the gasholder. Practically, however, there is 
more liability to distortion ; and consequently the rules given in the third article made 
provision for this. We may conclude that, as fEir as strength is concerned, it is not the 
guide-framing itself that draws the line for the reduction of its height ; it is the holder 
or bell working within it which decides the question. 

As demonstrated in the second article, when treating of the bell, it is not safe to 
have more than one lift free in a three-lift holder, unless the curbs, cups, and sheeting 
are made abnormally heavy, to meet the severe racking strains, let alone the flexibility 
of the structure. 

But apart from the question of mere strength and safety, there is that of expe- 
diency. Although we have determined that it is quite possible, under certain condi- 
tions, to reduce the height of the guide-framing as much as two lifts out of three, yet 
we must still ask, Is it practicable or workable ? and, Will it pay ? 

The following are amongst the most serious objections : — 

1. The extra weight of iron required both in the bell and the guide-framing 
would in all probabiUty exceed the weight of the part of guide-framing 
done away with. 
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2. It is taking away weight from the still, stable guide-framing, and throwing it 
into the moving and working part of the holder. The delicately-adjusted 
light series of cylinders are then called upon to resist all the strains ; and 
must therefore be converted into a heavy, stiff, framed girder, trussed 
wherever needed to make up for the aboUtion of external support. 

8. The increased weight of the floating holder will give much greater back-pres- 
sure upon the exhauster — ^a constant expense. 

4. Backing and twisting strains are brought to bear upon the holder which it 

never suffers when the guide-frame reaches to the full height. 

5. There is also much extra strain on all rollers, axles, and working parts, detri- 

mental to its free easy working, and increasing the wear and tear. 

6. The top curb must resist all distorting strains without assistance &om the 

guide-framing, and vice versa, 

7. Perfect adjustment of rollers, both inside and out, is an essential condition ; 

and they must be maintained hard against the guides. This not only 
means extra trouble and expense periodically ; but if neglected, it endangers 
the whole structure, and this means so much more anxiety for the managers 
of the works. In the old style of gasholders, an inch or two of play would 
not be so dangerous as J inch would be in the new. 

8. The thrust of rollers against the guides in the outer lift would be very great ; 

necessitating stronger guides, rollers, &c., and outside rollers on the outer 
lift. 

1). A gasholder having guide-framing the full height is much more handsome in 
appearance. 

Many of the objections stated against the reduction of guide-framing by two lifts 
apply (although in a less degree) to its reduction by one lift. There would be no 
danger, however, if constructed properly ; and it is a matter of calculation only as 
regards economy. The curbs, cups, sheeting, axles, carriages, &c., being increased and 
stiffened to suit, are set against the saving (if any) in the guide-framing, and possibly 
less labour in erection. The workmanship and erection must be very carefully watched, 
as so much depends upon perfect adjustment of all the parts. 

In any case there would appear very little advantage to be gained by reducing 
the guide-framing; because the extra risk and anxiety, and constant costly exami- 
nation necessary, would counter-balance much of the possible economy in the first 
instance. 
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To sum up then — 

1. Each lift in any holder must exceed one-seventh of the diameter in depth. 

2. It is not possible to make a reliable, healthy, and cheap holder of three 

lifts, with two of them ** free." 
8. It is possible to make a three-lift holder with one lift free, and it may be 

cheaper ; yet we find there are many drawbacks. 
4. Gasholders with guide-framing of less height than that of the outer lift 

(fig. 40) do not bear consideration in the light of the principles set forth 

in these articles. They must, therefore, be struck out of the category of 

practical engineering altogether. 




Fig. 40. 



Fig. 41. 



The following should be particularly noted:— If it were not for the 
buckling and distorting tendency of the gasholder and its framing, the columns or 
standards could be made very light indeed — in fact, the sectional area of each would 
only need to be but a few square inches ; and as far as strength goes, it would be 
immaterial whether we made the guide-framing a simple cylinder of sheet iron, very 
thin, or divided the cylinder up into posts (standards) and connected these posts 
together with bracing of sufficient strength to make up for the absence of the thin 
sheet-iron web. The more we approximate to the merely theoretical requirements, the 
nearer we approach the simple thin cylinder, which, if we made the gasholder several 
hundred feet in diameter,, would answer the requirements of the ordinary formula for 
strength of cylindrical cantilever, if made the thickness of drawing paper ! Of course, 
if it were not absurd from a practical point of view to act upon this, we should have 
but little need of guide-framing at all — provided absolutely perfect workmanship and 
exact fit could be relied upon — because the gasholder bell itself would be excessively 
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strong for the purpose, and a few feet of guide-frame, just to bold it in position, would 
be all tbat would be required. (See fig. 40.) But we all know tbat such a thing 
would not — to put it mildly — be very good engineering ; and for one simple reason : 
No allowance is made for the buckling and distorting tendencies ; and in all, especially 
in large structures, this becomes a very important item. It has been treated as such 
in these articles. 

It may be asked, Why cannot the floating holder itself be so stiffened up internally 
and externally with vertical stays, strong girder rings, ties, &c., as to make 
external support (beyond a few feet at the base) unnecessary ? As far as mere theo- 
retical strength is concerned, it could be so ; but it would be very impracticable for many 
reasons — 

1. Because of the excessive weight to be thrown into the holder. It is, in fact, 

putting the weight of the usual external guide-framing into the framework 
of the holder, in order to resist distortion, &c. 

2. The material is not so well disposed ; having no base to stand upon. 

8. The elasticity and variation in length of iron, &c. — leaving out other 
reasons — make it impossible to attain the absolutely necessary conditions of 
perfect Jit and perfect ritjidity. 

These are only a few of many reasons, which have already been advanced in 
former articles against such a proposal. 

It is perhaps necessary to remark that, though the force of wind to which a struc- 
ture may be exposed cannot be given exactly, yet this does not affect in any way what 
we have done. All the doubt which may be expressed concerning the wind pressure 
acting on a gasholder is equally applicable to the wind pressure on a bridge, or any other 
large and exposed structure. The force of wind has to be met in both cases ; but on 
this account we need not assume that it is impossible to determine the strains on either 
the one or the other. All we have to do is to determine the strains due to what we 
consider the maximum uniform wind pressure that is ever likely to come upon it. 
This may be 20, 80, or 40 lbs., whichever we please ; it makes no difference to the 
method. In our case we have taken about 80 lbs. as the maximum, and constructed 
all the formuIsB accordingly ; and, of course, if the structure defies the maximum, 
we need not trouble ourselves about the lesser strains — they are covered by it. It is a 
very simple matter to modify the foimulse to suit any desired wind pressure. 

The foregoing articles treat chiefly of the ''Reduced Guide-Framing " type of 
holder, which is more complicated than the old style ; but the principles laid down. 
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together with the rules hiere given, should enable anyone with ordinary engineering 
knowledge to design either the one or the other. Sufficient allowance is made in 
them to cover all ordinary conditions of working, which makes the treatment of 
much greater practical value, than an abstruse theoretical demonstration, based on 
merely theoretical conditions. It has been the author's endeavour throughout to 
place the subject in as simple a light as possible by employing none but the simplest 
rules and principles in elementary mechanics and mathematics. 



^-o,'*^ Note on Mr. GadcTs Gasholder, — It is, of course, evident that the method of 
determining the strains demonstrated in these articles, refers to gasholders having ver- 
tical guides. Since these papers were written Mr. Gadd has proposed to construct gas- 
holders with inclined guides. This is a radical departure from all previous practice, and 
involves a somewhat different method of treatment ; it being asserted that, with incHned 
guides, the base of the holder will always be maintained in a horizontal position and 
may be considered as ** fixed.*' 



Note N. 

Other forms of gasholders, besides those treated of in these papers have been pro- 
posed ; but they have not met with much favour. Notably, the gasholder having the 
guide-framing attached to, and supported by, the tank only (see fig. 41), and having a 




Fig. 42. 



Fig. 43. 



domed bottom tank, as described by Professor Otto Intz. Also the central column 
{^fasholder and the annular gasholder (see figs. 42 and 48) treated of by Barker, Wyatt, 
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Meigel and Couffinal, and others. There are so many things against them that they 
are not likely to make very rapid strides. We may at some fature time consider these 
forms of gasholders more minutely. 

Note 0. 

Gasholders without any connection between the standards are never made now ; 
so we need not consider them. Gasholders with twin columns are rare. For aU practi- 
cal purposes, in determining the strains, the columns may be treated as equally divided 
round the circle, instead of being in pairs ; and then the rules which apply to the 
ordinary construction will likewise apply for this. It is an expensive and unnecessary 
mode of construction. The object in making them in pairs appears to be to get strength 
with several light columns, in preference to half the number of heavy ones, as well as 
to avoid cutting up the gasholder into so many narrow bays. Frail cast-iron girders 
with open webs may also be struck out, as being unreliable and out of date. 

Note P. 

In gasholders of the cantilever type, which depend so much upon the efficiency of 
the bracing between the standards, the ties should, if they cannot take hold of both 
flanges of the standards {i.e., front and back), attach to the Jieavier flange, if possible ; 
otherwise the weaker flange has to transmit the force through the web to the strong 
one. It should be the reverse — ^viz., what the strong flange cannot resist itself, it 
should pass on to the light. 
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AN INVESTIQATION INTO THE 

STRAINS UPON THE TOP CURB OF A GASHOLDER, 

WITH EEMARKS ON CONSTRUCTION, Etc. 
[Beprinted from the Transactions of The Gas Institute for 1882.] 



THE strain is a coinpouud oue ; that is, there are several forces acting upon the 
curb, varying in magnitude and direction. 
These forces may be classified as follows : — 
I. The pull of the top sheets acting at the curb, tangential to the sheeting at 
the junction with the curb. This strain is caused by the pressure of the gas lifting 
' the holder. 



We will call it S. 

r 

II. The strain due to the pressure of the wind upon the sides, acting horizontally. 
This strain I have taken at 26 lbs. per square foot. 



We will call it P. 



-r 



26 lbs. per sqaare foot is the maximam effective pressure, allowing for the cylindrical form of 
surface impinged against by the wind. This agrees very closely with the paper on ** Gasholder Con- 
struction " in the Journal of Gas Lighting^ for April 19, 1881. (See also ** King's Treatise on Coal Ghis.") 

in. The weight of the side sheets, outer lifts, &c., acting downwards in a vertical 
direction. 



We will call it W. 
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IV. The pressure of the gas from within upon the side sheets. 

We wiU call it F. t^ <w i 

' i;f I have not met with any rules which take account of this force ; but I cannot help thinking that 
it would be right to allow something for it, more especially if the vertical stays are attached all the 
way up to the sheets. Firstly, because the pressure of gas on the sides must be transmitted partially 
by the stays to the top curb and cup ; secondly, suppose the top curb to yield to compression, it must 
draw in the sheets at the sides, and so throw them into compression, thus absorbing any tensile strain 
that may be upon them. 

Note. — In this paper the guide framing is assumed to be perfectly self-supporting ; 
i.e,j not depending upon the gasholder for maintaining its form as a regular 
polygon. Should the curb have to assist the guide framing, an allowance should be 
made for it in designing the curb. 

It will be seen, by glancing at the directions of the forces S, P, and W, shown 
above, that their resultant must be in such a direction as to cause compressimi in the 
top curb. The force F is very slight compared with these ; consequently it will not 
alter the direction of the resultant. The curb must, therefore, yield either by buckling 
or by compression. 

Bucklvig. 

Buckling can only be caused by there being too little lateral sti&ess. 

Budding would not occur through F (the pull of top sheets), ma it is constant 
all round, and, in a measure, self-supporting ; but would occur from P (pressure of 
wind), or from any stoppage in the descent throwing the gasholder out of equilibrium. 

To meet the strain caused by these forces, the curb should be properly stiffened 
by gussets, as the top row of the side sheets and the curb row of the top sheets, being 
then connected, form a kind of box girder. This is more especially necessary in small 
holdei^s, where the curb being formed of one or two light angle-irons they are more 
likely to yield than built-up girder curbs of large holders. 

Having rafters and trussing to the top materially assists the curb in resisting the 
transverse strains. The rafters should be connected to the vertical stays by gussets. 
If this plan be adopted, there is little fear of the curb crippling through the tendency 
to buckle. 

It must be noted that if the curb once starts buckling, through the wind pressure 
or any other cause, the strain on the curb from the top sheets being thrown out of 
equilibrium, it will immediately assist the buckling. 
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But we may conclude that the curb, if made strong enough to resist the com- 
pressive strain, is also strong enough to resist the buckling strain when made as 

above directed. 

Compression. 

Before we can determine the actual compression on the top curb, we must know 

the magnitude of each of the component forces — viz., S, P, W, and F. 

I. To find the pull of the top sheets S. ^jgsr^"""'^'^^ 

1. Find the area of the top ; D being the diameter (in feet). 

2. Multiply by the pressure of gas in pounds per square foot, less the weight of 
one square foot of top sheeting. This will give the total effective pressure of gas in 
a vertical direction. Call it p. 

3. Divide by the circumference of the holder (in feet). This will give the vertical 
strain on the curb for one foot of length, and must be resolved in the direction of a 




Fig. 1. 
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tangent to the arc at that point. We will call its vertical equivalent/. We can 
resolve the force graphically or mathematically. 

Graphically, — Draw a tangent at the curb to the arc, cutting a perpendicular 
erected on the line a a, say at the centre. 

Then if this perpendicular represents to a certain scale the vertical force/, the 
tangent s to the same scale will represent the pull both in magnitude and direction of 
the top sheets for one foot of circumference. (See exaggerated diagram — ^fig. 1.) 

Note. — It is not necessary that the perpendicular / be drawn at the centre as shown, because it 
will be seen at a glance that it may be put at any distance from the curb, and it wiU not affect the 
ratio between it and «, as it forms a series of similar triangles. The centre is selected because it is 
more advantageous in working the mathematical method. 

To prove that « really represents the strain due to/, it is only necessary to consider diagram 
(fig.2):- 




Fio. 2. 

As the sheeting becomes flatter and flatter, the strain increases ; / in the diagram represents the 
vertical force, and the increase of strain is shown by the magaitula of the line s increasing as the 
angle of the sheeting decreases, until it becomes theoretically infinite when the sheeting is quite flat. 
(For observations on flat-tops, see end of this paper.) 

Mathematically, — But as it would be inconvenient to draw the arc and tangent 
correctly to scale for such lai*ge dimensions, the following method will be found 
preferable : — 

We want to find the length s. Now as s is a tangent to the arc, a line drawn from 
its point of contact to its centre must be at right angles to it, and is one of the radii 
of the top (Euclid III. 18), 



The formula for obtaining E is- 



+ K 



2i. 



(See fig. 1 on preceding page.) 



The proof of this formula is as follows : — 

Required to prove that --.^ * = R 

rt X a = 6 X c. (Ba. III. 35.) 



.••4^ + 6 



(Eu. I. def. 16.) 



= R 



t.a..^^' = R. Q.B.D 
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Now we can prove that the as af is similar to the a « R E. (Eu. VI. 8.) 
. • . the side ainA^RE : fin ah a f 
as the side R in a ^ R E : « in a ^ ^/ 
ox a : / : : R : « 

a 
Or, writing it in words : The radius of the top (R) multiplied by the vertical press per 
foot of circumference (/), and divided by half the diameter of the holder (a), will equal 
the actual tangential pull per foot (in pounds). Or the whole process may be stated 
thus, filling in the values of R,/, and a— 

n^ + h ^ ^ D X D X '7854 x p x i = .'J 



2* D X 81416 



a 



B / 

So that after cancelling out, by collecting the terms, we get the following result : — 

(«' + ft^l P _ , 
TJ> 

Check Proof. — A common rule to find the strain on a sphere, or segment of a sphere, snbjeot to 
internal pressure is as follows : — 

Multiply thepressuie per square foot by the area of a *' great circle " of the sphere, and divide by 
the circumference of same. This will give the strain per foot. 

xi.j a. i. *u xt- P X d X d X '7864 » X d 
Let a = diameter of sphere ; then- — , si416 =- ^4 

diam. of sphere 

' •* i — 46 ' - * 

This, it will be seen, gives precisely the same result as found by the other method. The reason 
the other method was chosen in preference was because this plan does not show why the strain in the 
segment of a sphere is equal to that in the entire sphere ; but the other method proves it to be so. 

This result must be multiphed by the diameter of the holder, to give the total pull 
right across from side to side, and divided by 2 to give the strain on one side. 

The formula then stands thus — 

W 
Another rule giving practically the same result is 18-3 — = «» 
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where W = the weight of the sides in tons, and a = the angle of the top in degrees. 
(See ** King's Treatise on Coal Gas.") 

II. Pressure of wind. P m > 

Pressure per square foot = 26 lbs. 

Surface considered as acted upon by wind = the diameter of the holder multiplied 
by half the depth of the inner lift. 

Half the depth is taken because the pressure on the lower half is transmitted to 
the columns— not by the top curb, but by the cups or bottom curb, as the case may be. 

26xDx5 = 18Drf 

But as this must be divided between the two sides of the curb diametrically opposite, 
we must halve it. Then — 

6-5 D 6^ = P 

III. Weight of sides. W. 



Let tt'= the weight of the sides (total) in pounds — tl)is is, of course, equal to the 
effective pressure of the gas per square foot multiplied by the area of the top. If w 
be divided by the circumference, it will give the weight per foot, and is = to / 
(the vertical equivalent of « per foot of circumference). This multiplied by the dia- 
meter, and divided by 2, will give the actual strain due to the weight of the sides. 

w X p _ J!l — TF 

= D^r8^14r6^r2 ~ ^^^6^ ~ 

IV. The pressure of gas on the sides. F. -^: m. 

How much to allow for this, is a matter of conjecture. Perhaps l-6th of the 
total tension on the side sheets (of the inner lift only) would do for stays riveted or 
bolted to the sides, and l-8th for loose sheets — certainly not more than this. For if 
we take a thin cylinder and subject it to external forces acting only at the top and bot- 
tom edges, we find that the upper and lower portions of the cylinder may suffer great 
deformation without making a very appreciable difference in the body or centre part. 

The total tension on the side = pi x D x r/. Divide this by the constant, and 
halve it for the two sides. 
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= — — — for vertical stays attached, and 



Pi X D xrf 
16 



for stays attached only at top and bottom 



Pi = dctual pressure of gas per square foot. 

Having determined the magnitudes of these four forces — viz., 8, P, W F — we 
must next investigate how their direction affects their resultant. 

Proceed as follows : — Draw diagram for finding the resultant of S and W 
parallelogram offerees). 




W 



Fig. 3. 

It will be found upon consideration that the resultant Q must he horizontal. (1) 
Because the vertical equivalent of S is equal to W ; and (2) should the resultant Q not 
be horizontal, but inclined upwards, then the gasholder would always be moving up- 
wards, and if down, then downwards. But this cannot be, as the forces and resistances 
at the point of application must be in equilibrium. 

Referring to the above diagram, the a Q S t/ is similar to the a « R E ; and the 
L R E is equal to the L S Q. 

.-. R : S : : E : Q 

/..., S_xf^ = Q 

Having found Q, the resultant of the remaining forces P and F is easily found 
both being horizontal. 
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It will be equal to their difference : viz., P — F. 

Adding this resultant to Q, the resultant of all the forces will be : Q + P — F. 

Now filling in the values of Q, P, and F, we get— 

S MB^^ g.g p^_ . Px X D X ^ 

c = constant, 10 or 16. 
Inserting the values of S and R, we get — 

(a^ + b^)pDx('^' -b) jya 
^ ^^ ' + 6-5D«i - ^i^^— 

= 86x(a* + 6«) + 6-5Drf-— ^ 

/a» + 6« A ^ 

^ — ±2. — + 6-6Dd-^^!^-^=-- 

4 c 

This may be expressed, in a very simple form, as follows : — 

c 



-g-T + 6'5 Dd ■;^ = a? 



""Y" 



Q P F 

which is the exact formula required, where — 

a =t half the diameter of holder (in feet) 
b = rise of crown „ „ 

D = diameter of holder „ „ 

d = depth of inner lift „ „ 

p = effective pressure of gas (pounds per square foot) 
Pi = actual „ „ „ „ 

c =: 10 for vertical stays fastened all the way up 
c = 16 „ „ loose 

X = compression on one side of the curb in pounds (total) where there is 
no trussing to top, 

p may be found thus : Deduct the total weight of the top sheets from the total weight of the 
gasholder (floating) in pounds, and divide the difference by the area of the top in square feet, 

pi may be found by merely dividing the total weight of the gasholder (in pounds) by the area of 
the top (in square feet). 
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Writing the foregoing formula in words, it may be expressed as follows, keeping 
in mind that all lineal dimensions are in feet : — 

From the square of half the diameter of the holder deduct the square ot the rise ; 
multiply the difference by the effective pressure of the gas [p) and by the diameter of the 
holder ; divide this result by 8 times the rise, and to the quotient add 6*5 times the 
depth of the inner lift, multiplied by the diameter of the holder. 

From this result must be subtracted 1-lOth or l-16th (as the case may be) of the 
diameter of the holder multiplied by the depth and by the actual pressure of the gas (pi). 
This difference will give the compressive strain required. 

A rule given by Bankine for finding the portion of formula represented by Q may be expressed as 
follows : — 



This gives precisely the same result, but it is not expressed in so simple a form. 

It is very difficult to determine how much of the gasholder sheeting should be 
included in the top curb in apportioning the sectional area. 

It has been said that the whole of the top sheets right across the top are in compression. This 
appears to be an error ; for, supposing the top to be cut across the centre, it seems highly probable 
that instead of the two halves dosing together with compressive force, they would open apart, the gap 
being the largest in the centre and gradually diminishing till it gets near to the curb, when the point 
will be arrived at where compression commences, and then gradually increases in intensity as it 
approaches the angle of the curb. 

Any hollow vessel subjected to an internal pressure tends to become a sphere. Applying this to the 
gasholder — 

n 




Fm. 4. 

the comers A tend to draw into B, whereas G flies out, stretching itself more or less towards D, there 
being a kind of neutral circle, previous to the deformation, somewhere about E. 

Again, I do not think the "egg ends "of boilers are ever supposed to be in compression right 
across ; and the case is analogous. 

Perhaps a fair allowance to make is to assume the two outer rows of the top and 
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the top row sides as forming part of the curb in the strong plate curbs of large holders 
of good design. 

The joints in these plates should be butted^ when the fall sectional area of plate may 
be considered as effective. If they are lapped, the strength will be very little more than 
the shearing strength of the rivets. 

Lap joints are quite sufficient for small holders or large ones having trussed tops. 



Notes. 

If the holder is in a house, omit 6*5 D d, from the formula. 

In gasholders which have a series of trussed rafters springing from the centre of 
the holder, and well connected to the top curb, a considerable allowance may be made for 
the trussing — Firstly, because the rafters prevent the top drawing the top curb in by 
the direct thrust which they have upon the curb, in the same manner that the spokes 
of a wheel prevent the collapse of the rim. Secondly, under the action of the wind the 
curb has many points of support. 




Fro. 6. 

In the above sketch the thrust caused by the wind acting at A is communicated in 
a measure to the opposite column at B by the rafters. The force at G is partly in a 
direction tangential to the curb, and partly transmitted by the rafters to the column D ; 
and the same with the force E to F. 

Thirdly, the purlins or bracket bars assist by preventing the bending of the rafters 

sideways. The outer one should be made strong, as it acts somewhat similarly to the 

inner angle-iron ring of some top curbs. 

2 
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In trussed-top holders from J to ^ of a? may be taken as the actual strain upon the 
curb, according to design, &c. 

Holders having a series of girders arranged both radially and in circles, to which the 
top sheets are rivUed, have the top curb very light. Indeed a different process altogether 
must be adopted for finding the strain upon it ; and consequently the foregoing formula 
will scarcely apply. 

The Fulham, Kensal Green, and Shoreditch gasholders (erected by C. & W. Walker) 
furnish excellent examples of this kind of holder. 

Flat-top Gasholders. 
There appear to be very few advantages in adoping this kind of holder. 

1. There is less waste of gas when the man-lids have to be taken off to examine 
the interior, owing to the top being practically level with the water when the gasholder, 
is at rest. 

2. When the holder has to be enclosed in a house, the building may possibly be of 
less height than when there is a domed top to provide for. 

8. Admitting that the top sheets may buckle to and fro, they will carry them- 
selves without any framing in the tank or trussing — except, perhaps, a post in the 
centre. 

But, on the other hand, the disadvantages are many. 

1. The water and snow rest upon it with less encouragement to flow off. 

2. There are enormous strains both upon the top curb and the sheeting ; and they 
cannot be calculated with any certainty. Indeed, as already stated, the strain would 
be infinite if the top were quite flat ; but this is absolutely impossible, for as soon as 
the pressure comes upon it, the top assumes a lise of its own accord, in the same manner 
as a long wire will sag from its own weight, however tightly it may be stretched. Of 
course this rise depends upon the looseness of the sheets ; the looser they are, the greater 
the rise and the less the strain. In working out the strain on curb, a rise must be 
assumed, and the formula appHed to find the strain. 

8. Owing to the great strain, and the alternate rising and falling of the sheets, the 
joints must be racked a great deal, weakened, and very liable to leak. 

4. All this wear and tear, added to the first cost, must necessarily make this class 
of top very expensive. 
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In conclusion, it may not be out of place to give the two following rules relating to 
the joints in top sheets : — 

I. To find the shearing strain on the rivets in the top sheets per foot lineal — 

- — j-T — = strain required. 

II. To find the thickness of the crown sheets, allowing the safe tensile strain to 
be 6 tons per square inch of section — 

(a^ + b^) p 
5376 6 P ~ thickness in parts of an inch. 

P is the percentage which the strength of joint bears to the soHd plate (see Molesworth) ; 
the other factors as before explained. 

With regard to the second rale, otaer considerations besides merely resisting the strain apon the 
sheets inflaence the determination of the thickness— such as wear and tear, oxidation, sound joints, 
riveting to thick plates, <tc., <to. ; so that in most oases it becomes necessary in practice to increase 
the thickness beyond that given in the formula; but the formula provides for the actual strain 
upon them. 
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[Beprinted from the TransaotioDB of The Gas Institate for 1884.] 



/^ ASHOLDER crowns are of two kinds — viz., those which have the crown sheets 
I 1* supported by a trussed frame rising and fEilling with the gasholder, commonly 
known as ** Trussed Tops,'* and those which have no trussing in the crown, but 
are supported by a separate wooden or iron frame fixed in the tank. 
The present paper will be divided under- three heads — 

I. The comparison of the two kinds of crowns above mentioned — viz., trussed 
and untrussed tops. 

II. The consideration of some important points of detail in connection with 
trussed tops. 

III. The determination of the true form of curve for gasholder tops. 

I. With regard to the first division of my subject, it is easy to show that the 
advantage of an untrussed top is greater in a large gasholder than in a small one ; for 
the separate frame built in the tank does not require to be much stronger, however 
large the gasholder may be made. In other words, the framing for carrying a 200-feet 
top need not be any stronger, area for area, than for a 100-feet top ; the only difference 
being that there is four times as much surface to support. But with a trussed top a 
200-feet gasholder not only requires four times as much area of trussing as a 100-feet 
holder, but (owing to the increase of span) it must also be made of much stronger 
sections in order to carry itself. It is, therefore, much heavier in proportion. It 
follows, then, that there must be a limit beyond which it is decidedly uneconomical to 
adopt a trussed top ; and this limit can only be defined by comparing the cost of the 
two plans for gasholders of the same size. 

It must be borne in mind that the deeper the holder, the greater will be the cost 
of the fixed frame, as all the standards or uprights in the tank have to be higher. The 
depth, however, does not affect a trussed top to the same extent. It is also well known 
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that untrussed tops require a much heavier and stronger top curb. For large gas- 
holders, such as Mr. Livesey's gigantic holder, it is undoubtedly more economical to 
have an untrussed crown. It would probably be so for holders as much as 50 feet less 
in diameter ; but for how much smaller than that I am not able to say, as it depends 
so much upon circumstances. I cannot help thinking, however, that it would be 
unwise to abolish trussing in small gasholders, for it is so light that it would appear 
impossible to put anything cheaper into the tank in the form of a separate frame. 
Trussed tops are also very convenient for manufacture, as the top can be put together, 
and sent away from the contractor's yard so complete that he is sure of it coming 
together well in the erection. Not so, however, if he had to depend upon a separate 
framing in the tank, with which probably he has had little to do. 

It has been said with reference to small holders of the untrussed type, that the 
weight saved from the trussing should be thrown into the perishable parts (such as the 
sheeting, &c.), in order to get sufficient pressure of gas. But, if this be done, what is 
to pay for the necessary framing in the tank ? For the expense is certainly greater if 
the weight of the holder is to remain the same as for a trussed crown, and a frame is 
put in the tank in addition. 

But, besides the advantage of being less expensive in small gasholders, trussing is 
of use in relieving the top curb of much strain that would otherwise come upon it. It 
has been said that the introduction of trussing weakens the top curb, through the 
extra pressure of gas causing the top sheets to pull on it with greater force. This 
appears to be a wrong inference ; for, although there is a greater inward pull, the 
curb is in a better position to resist it. In fact, the strain due to the extra pull is not 
to be compared to the additional support, stiffness, and resistance to buckling given to 
the top curb by the strut action of the rafters upon it. 

In relation to wind pressure, the rafters occur just where they are wanted — ^viz., be- 
hind the roller carriages ; for the carriages thrust back upon the gasholder with the same 
force as they push at the columns. The rafters then return the pressure right across the 
holder to the opposite side; in fact, back to its origin. Again, supposing there are no raf- 
ters, the bending or buckling strain on the curb must be excessive, as it does not get any 
direct support, but merely from the guide framing resisting distortion of the circle, in 
the way pointed out by Mr. B. Baker, in his report on the strains in Mr. Livesey's 
large holder ;* and this only effectively, when the rollers fit tightly against the guide. 
Or, to make it still clearer, when rafters are used (instead of the pressure from force of 

* See Journal of Gas Lighting^ Vol. XXXVII., p. 141. 
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wind being passed on, as it were, right round the circle to the opposite side, racking 
and bending the top curb on its way), it is transmitted directly across the gasholder to 
the opposite columns by the rafters. 

I think we may conclude, then, that the assistance rendered by the trussing to 
the top curb is much in excess of the strains induced by the extra pressure of gas due 
to its weight.* This added to the other points mentioned should not be overlooked in 
discussing the merits and demerits of gasholders with trussed crowns. 

II. I will now made a few general remarks on trussing, and then turn particular 
attention to (1) the main tension-rods ; and (2) the advisabihty or otherwise of attach- 
ing the crown sheets to the framing in the centre. 

The rafters are prevented from distorting or crippling side-ways by the purlins. 
They cannot bend downwards, as they are supported by their trussing ; and, being 
arched upwards, they are more liable to bend in this direction under end-thrust. But 
the sheeting, their own weight, and the purlins combined, all tend to keep them down. 
When the gasholder is down — Le,, at rest in the tank — the purlin bars, besides 
transmitting the weight of sheeting, &c., to the rafters, assist the trussing to the rafters 
to a certain extent ; for if the trussing failed, the purlins would all be thrown into com- 
pression, like a dome, and so the top could not sink unless the purlins crushed up. 

In most instances the trussing consists of a strong centre column, with a series of 
rafters radiating from centre to curb ; each rafter being trussed independently. And 




then, in addition, there are a number of very strong main tension-rods, so as to carry 
the weight which comes upon the centre column. Figs. 1 and 2 are examples. 

* For other oonsideratioas on the sabjeot of the top curb, and the influence of trassing, see my 
paper on " The Strains upon the Top Curb of a Gasholder," published in the Institute's Transactions 
for 1882 (also in the Journal of Gas Lighting, Vol. XL., p. 170). Ante, pp. 74 to 86. 
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But sometimes the main tension-rod t is a continuation of the rafter tie rod r^ a.s in 
fig. 8. 




Fig. 3. 

This is not so good a form for erection ; it is so deep, and flimsy to handle. 
Besides, it cannot be sent away from the makers in such convenient pieces ; and in 
tightening up the rods ttit would be possible to distort the other part of the frame, or 
cause the strain to be irregularly distributed. 

It should be noted that in no case should a large gasholder have a truss like A 
(fig. 1). It is very imperfect, as it induces undue bending strains on the rafters, and 
is free to twist all shapes. The panels should have light ties across in the proper 
direction, as shown at B (fig. 1). Single ties are sufficient. There is no necessity for 
crossing them, unless the holder is very large, when the middle panel could have a 
crossed pair of light angle-irons, to give rigidity to the structure. The other panels 
must have the rods sloped in such directions as to form ties under the weight* 

The determination of the strains on the trussing is a simple matter by Olerk- 
Maxwell's method, an application of which may be found in the Journal of Gas Lighting 
for July 29, 1879. Bow's system of lettering should be used; it simplifies the 
process. The weight or load coming upon the trussing when the holder is at rest 
is, under the most trying conditions, the weight of the top sheets, the weight of snow, 
and the weight of the trussing itself. When the gasholder is up, however, the only 
load upon the trussing is the last item — viz., the weight of the trussing itself. 

A centre pier is generally built in the tank, for the centre column to rest upon, 
and deposit its load when the gasholder is down. In the paper already referred to, this 
was disregarded. It should, however, be taken into consideration if the gasholder has 
been properly constructed. 

Main Tension'Rods. 

When the centre column rests upon the pier, it is evident that the uasia tension* 
rods ttsae idle ; the weight of the top coming direct from the rafters on to the centre 
column at one end, and on to the vertical stays at the other. The truss r r supports 
the rafter between ; for which purpose the rods 1 1 are, of course, useless. So that it 
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is only when the gasholder is up that the main tension-roads are called into play ; and 
then they take the proportion of the weight of trussing which comes upon the centre 
column. 

It is the custom to make the main tension-rods very heavy for the work they have 
(or should only have) to do. This may be partly explained by the difficulty there is in 
getting each rod to do an equal share of the work. For unless the greatest care is 
taken in tightening them up, it is quite possible to get some tighter than others ; and 
so, when the gasholder rises, the greater part of the weight of trussing may be thrown 
upon a few rods. Also, should the gasholder from any cause tilt, or get checked in its 
descent, the strain on the rods would be* very excessive. 

Again, in erecting the gasholder, it is frequently the practice to plate the top, 
having the rafters and centre column lowered slightly in the centre ; and then, when 
the top is done, the main tension-rods are all tightened up so as to lift the centre to 
the proper rise, and pull all the sheets as tightly as possible over the rafters. This 
gives the top an excellent appearance, and frees it from hollow places, &c. It is 
evident, however, that this process must strain the rods very much, as the whole 
crown (including the weight of the sheets) has to be Ufted off the centre pier. When it 
is adopted, therefore, it should be performed with great care, so as to get all the rods 
to take an equal share of the weight. It should not be done unless special provision 
has been made for the rafters lengthening. Otherwise the strain will be enormous, as 
the exaggerated diagram fig. 4 will show. 




A A B G represents the original position of the frame. On lifting the centre from 
G to d, it is clear that the line A C must extend to A d, as shown by the dotted line. 
It certainly seems a pity to make the rods excessively strong merely to meet the strains 
incurred during the erection, and which should never occur again after the holder is 
put to work. Instead of lifting the centre by means of the main tension-rods, it would 
be far preferable to use jacks for the purpose, or employ any other means that will avoid 
straining the rods. Before releasing it, the centre pier should be made up to the frill 
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height, so that the centre columi) actually bears upon it. The main tension-rods can 
then be tightened up gently — not so as to lift the column off the pier, or the pier is 
rendered useless, and the object frustrated. 

Particular attention should be given to the end attachments of the main rafters. 
After the centre has been lifted, they should be most rigidly fixed, so as to avoid any 
possibility of slipping or yielding when the gasholder is lifted by the gas. Unless these 
end joints are firm, the rafters not only lose much of their power to transmit the thrust 
across the gasholder, but both the top curb and the main tension-rods are strained 
more than they need be. 

Strain on Main Tensitm-Rods, 

When the framing is constructed and erected in the manner recommended, it is a 
most simple nmtter to find the strain on the main tension-rods. 

Let A B D (fig. 5) represent the frame. 




The trussing to the rafters A B and B is quite independent of, and therefore does not 
affect in the slightest degree the strain on the main tension-rods A D and D 0. Now 
it can be proved that if B D represent, to a certam scale, the weight coming on the 
centre, then the length of the line A D, to the same scale, is the actual strain upon the 
rod ; and this is true for any rise or angle. The only condition is that no joint must 
yield or slip. 

Nothing could be simpler that the following rule, which results from the above :— 
Multiply the central weight at B by the length of A D ; and divide the product by the 
length of B D. The result will be the actual strain upon the main tension-rods. The 
weight B is important. We shall be erring on the safe side if we take it as equal to 
half the weight of the entire top framing and trussing (the top curb and sheeting must 
not be included). This is, of course, for all the rods, and must be divided by the 

number of rods to find the strain on one. Li the figure there are two rods ^viz., A D 

and D 0. If the rods are designed to take 8 tons per square inch strain under the 
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above load, there will be a sufficient margin left for ordinary casualties, unequal 
tightening up, corrosion, &o. 

It is scarcely needful to mention that the screwed ends of the rods should be 
larger in diameter than the plain part, unless they are for a very small holder ; and 
that long heavy rods should have suspenders to take the sag out, and make them direct. 
A main tension-rod should, if possible, be put at each main rafter, and be of light 
section, in preference to a few rods of heavy section. This will maintain imiformity 
of pressure on the top curb from the rafters. 

Attachnent of Slieeting in the Centre of the Crown. 
It is frequently the practice to fasten the sheets down, in the centre of the crown, 
to the centre column. This is done with the idea that it aids either the trussing or 
the sheeting, or both. The fact is, it is of very little good to either ; but rather the 
reverse, as the following will show. When the gasholder is down, it does not affect 
either the trussing or sheeti??g in any way whatever ; and when it is up, if it be to support 
the trussing, it is doing so when it least requires it — ^viz., when all the superincumbent 
weight is Ufted off by the pressure of the gas. Again, this would make it appear that 
the main tension-rods are almost or altogether useless ; for if they do not get any 
strain when the holder is down, and they are to be relieved of it whenever the holder 
is up, of what good are they ? 

But the main tension-rods are surely strong enough to carry the weight of the 
trussing and centre column only, without hanging it on to tbe sheeting in the centre. 
It may be worthy of remark that the main tie to the rafter truss is always made less 
than the main tension-rod, although it frequently has more work to do. 

If the sheets are made to take the weight at the centre, they are bound to sag 
inwards, and form a concavity in the centre of the top ; for, under pressure, the top 
sheeting stretches, and is lifted off the framing, except at those places where it is held 
down. (See exaggerated diagram fig. 5.) This is most undesirable, as it holds the 
water and looks very ugly. To avoid this depression in the centre, the best gasholder 
makers flatten the curve between the curb and centre, as in flg. 6. 




Fig. 6. 
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The rafters being bent to the flatter curve, and the sheeting drawn tightly over them, 
it is evident that when the pressure of gas comes upon them they balloon out on each 
side of the centre, and take up something like the curve intended. The amount 
of flattening that is required is determined from experience ; and so the depression or 
concavity in the centre is avoided. On the other hand, if the attachment of the 
sheets in the centre is to strengthen the sheets themselves, it can easily be shown that 
they do not need it ; and more than this, it is impossible for them to obtain assistance 
from this source if they do, unless with the top shown in fig. 5. 

When the top sheets are loose, the centre part and all rises from the framing, under 
pressure due to the stretching of the sheeting. This diminishes the diameter of the 
sphere, of which the top is for all intents and purposes a segment ; and so reduces in 
proportion the strain upon the sheets. If, however, the centre is held diown, but no 
flattening has been put in the curve, the curved arc (fig. 5), having a smaller radius 
still (B) than the radius of the sphere for the loose top, would have less tension upon 
it. But if the rafters, &c., be flattened — which should always be the case with tops 
having sheets fixed in the centre — the resultant arc, when the pressure of gas comes 
upon the top, must have a larger radius than that of the arc due to the loose top 
entirely. 




/ o 



\l 
h 
Fio. 7. 

This is very easily proved. If there be no depression, the strongest arc for fixed 
sheeting must be tangent to a horizontal line at the centre, as at A in fig. 7» which 
also shows each of the arcs under different conditions : — A being the curve for the 
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fixed centre, with no depression ; B, the oorve for the loose top entirely ; and C, the 
carve for the fixed centre and hollow. 

Therefore, unless we adopt the hollow, ugly, dented top, we are forced to the conclu- 
sion that attaching the sheets at the centre not only does not help them to resist the 
strains upon them, but is not so strong as when they are quite loose, and free to rise 
throughout. Neither does it do any good to the trussing, which is self-supporting. 

in. I will now pass on to the third division of my subject. Time, however, 
forbids my giving more than the bare results of my investigations with respect to the 
true curve for gasholder tops. (See Note A, p. 96,) They are as follows : — That if the 
sheeting is to be subject to uniform strain throughout, the top must be the segment of 
a sphere, and is therefore in section the arc of a circle. It can be proved thus — 

1. Suppose the entire sphere of which the top forms a part is subjected to 
internal pressure, no one would contend it is not uniformly strained ; it being well 
known that a sphere is the only vessel which has imiform strain throughout. 

2. Providing the sphere is non- elastic, if we slice off a segment and fix its outer 
edge (such as we do in the gasholder top by the top curb), the conditions of strain 
remain unaltered ; for we are merely providing a substitute for the lower portion of the 
sphere (which we have supposed removed) in the form of an immovable ring. 

8. The experiment made with a view to determine the true curve by stretching 
a bladder over the end of a pipe, I do not think applicable ; the conditions not being 
the same. 

4. The difference is that the bladder is elastic, but the sheets are practically 
inelastic as compared to a bladder. 

5. An elastic sphere would expand equally, and retain its spherical form under any 
pressure ; but if a ring be put round it (as shown in fig. 8), although on just touching, 
the strain is equal, by expanding further the conditions will be at once altered. The 
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material will be gathered in and prevented from expanding at the ring, in the same 
way as the pipe prevents the bladder expanding round the circumference ; and as the 
expansion continues, the shape will become more and more remote from that of a 
sphere, as is shown by the dotted lines. 

6. Similar reasoning applies to the segment of an elastic sphere. It is merely 
putting the ring higher up — say at a, in fig. 9. 







Fig. 9. 

7. Not SO with iron sheeting. The pressure is insufficient to cause much expan- 
sion from the original shape ; and. so, the segment remaining practically of the same 
size and form, the strains remain uniform as before. 

8. But suppose the tops of gasholders were made the shape it is supposed that they 
would take under pressure, the result would be that when the pressure came upon them, 
they would stretch just as much, only they would take a shape a step further removed 
from the segment of a sphere. But I have before stated that the segment of a sphere 
is the only perfect shape for uniform strain. 

9. If we must allow for the stretching of sheets, it would seem almost necessary 
to flatten, instead of bulging them, where they spring from the curb. 

There is one point, however, which is deserving of mention, and which would tend 
to modify the foregoing remarks in some degree — viz., that the outer row of top sheets 
is often considered as forming part of the top curb ; and that, therefore these sheets are 
in compression. This is so only when the top curb is unable to offer the whole of the 
resistance required. The slightest contraction to strain of the top curb is immediately 
taken up by the curb row of plates. But it is evident, from former remarks, that if 
the ring to which this row of plates is attached be perfectly rigid and unyielding, it 
would be impossible for the plates to be in compression ; they would have an equal 
tensile strain throughout, in all directions. 

The effect, so far as I can judge, of making the curve of the shape as shown in 
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fig. 10 is to extend the compression a little farther up the curve, which may or may not 
be an advantage. Wyatt's curbs (fig, 11) serve to illustrate this view. We might put 



Fig. 10. 
many angle-irons, &c., at the lower part S. They would do little good. The resistance 
nearly all takes place higher up ; and is probably a maximum at about the part marked 
by a X in fig. 11. 




Fig. 11. 
But if we want uniform strain upon the top sheets throughout, there is only one 
curve that will give it — the arc of a circle. 

The strain per lineal foot on a joint, taken anywhere and in any direction, is given 
by the formula — 

{a^ + b^)p ^ ^^^.^ ^ ^^^^ ^g^^ jj^^^ g^ p^ ^^^^ 
4o 
Where a = half the diameter of the holder in feet» 
h = rise of the crown in feet. 

p = pressure of gas in pounds per square foot — effective. 
K the curb row of sheets are called upon to do duty for the top curb, they must be 
thicker. (See my paper on ** Top Curbs,*' already referred to.) 

In conclusion, it is worth while bearing in mind that the strain is the same for 
any diameter gasholder crown, providing they are all made to the same curve (that is, 
segments of the same sphere), and that the pressure of gas is the same. 

Note A. 
What I mean by the ** true curve ** for gasholder tops is that curve which will, 
when the pressure comes upon it, give an eqtuil strain throughout the top. 
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If it were not for the sheeting stretching, the segment of a sphere would un- 
doubtedly be the proper and only correct shape to satisfy this condition. The segment 
of a sphere is the only shape which will possess uniform strain both in magnitude and 
character in all directions. Therefore, if we want to allow for the stretch of sheeting, 
or, in other words, the elasticity of the iron, we must make the top of such a form that 
it will, after it has stretched, be the segment of a sphere. This, however is too great a 
nicety, and scarcely practicable. On this ground, therefore, I say that the segment of 
a sphere is the true curve. 

Now, in the bladder experiment, we find that, on account of the puckering up to 
the edge, and the stretching of the middle portion, when the bladder is tied over the end 
of a pipe, the curve assumed is not a segment of a sphere — it is somewhat Hke a semi- 
ellipse. But are we therefore to conclude that it is strained uniformly in all directions / 
I think not. Nor can we conclude that this is the proper curve for gasholder tops ; 
because if a gasholder were made to the elliptical curve, as soon as the strain comes 
upon it it would stretch, and so would take up another curve. We ought therefore to say 
that this latter is the ** true curve *' to which the top should have been made. But it 
is not ; for if we made the curve so, it would, as soon as it was stretched under strain, 
take up another curve directly, and so we might go on ad infinitum. 

We must therefore conclude that, if we want to be exact, we must make the top of 
such curve that after it has stretched it will become the segment of a sphere. This, 
however, is quite unnecessary, as the stretching of the iron is so little that if the top 
be made the segment of a sphere, it practically remains so after the strain comes 
upon it. 

Note B. 

It is, I think, very generally believed that the strain on the top sheeting of a gas- 
holder varies inversely as the rise of the crown ; but this is not quite correct, as the 
following will show : — 

1. It is easily proved that the strain varies directly as the radius of the sphere of 

which the top is a segment. (This is proved in my paper on ** Top Curbs.") 

2. It can be proved that when the rise of ^ (see diagram on next page) is half of h, 

the radius of a cannot be double of 6. 

Thus : Let a = 10 

6 =20 
c = 80 
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Then, by the ordinary rule, the radius for the rise b is — 
h' + e' 400 + 900 ^.^ 

And the radius for the rise a is — 

oM- (^ 100 + 900 

2a = 20 -^"' 

which, of course, is not double of 82^. 

8. The strain on the one cannot thus be double the strain on the other. 

The generally received opinion, that the strain varies inversely as the rise, is 
therefore incorrect. 

For flat arcs, such as are used for gasholder crowns, it is so very approximate that 
it may be taken as correct. 

The following may be noted : — 

I. The strain varies directly as the diameter or radius of the sphere of which the 
top is a segment ; and as the pressure of the gas. 

II. From this it follows that all gasholders whose tops are segments of the same 
sphere have equal strain ; providing the pressure of the gas and thickness of 
sheets is the same. 

in. All gasholder tops can be made of the same curve ; and, unless the pressure 
varies, the same thickness of sheets would do for all size tops. The pressure 
would then govern the thickness of sheets. 

IV. The strain is the same in all directions — wrings and radial seams aUke. 

{Note. — There are other reasons for making the curb rows stouter. 
See paper on ** Top Curbs," and V.) 

V. The strain is tensile throughout, unless they are called upon to do duty for the 
top curb. 
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VI. My rules for strain on sheeting, given in the paper on ** Top Curbs," can be 
proved to be absolutely correct. 

VII. The old rule — that the " rise *' of the crown should be l-20th of the diameter — 
is altogether incorrect ; there not being the slightest foundation for it, either 
scientifically or practically. [In a discussion which followed the reading of 
the foregoing paper, Mr. George Livesey fully exposed the absurdity of the 
old rule for the rise of a gasholder crown.] 
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T will be convenient to consider the strains in the following order, which will 
divide the paper into three parts — viz, : 

I. — The strains on the bottom plates. 
II. — The strains on the side plates. 
in. — The strains on the top, or cover. 

PAET I.— THE STRAINS ON THE BOTTOM PLATES. 
At first sight it might appear that there cannot be very much strain upon the 
bottom of the purifier, taken as a whole, as it is solidly bedded upon a firm foundation. 
But, upon consideration, we shall find that it is far otherwise ; and it may happen, 
indeed, that the bottom plates are strained very much beyond any other part of the 
structure, unless some special means have been adopted of meeting and counteracting 
the forces acting upon them. If we take an air-tight box, made of some light and 
tolerably elastic material (such as paper), and subject it to a great internal pressure, we 
shall notice that the sides, the top, and the bottom would all bulge or balloon out, 
owing to their inability to withstand the strain upon them as fiat surfaces. Also 
supposing the box to be resting upon a flat surface, we should find that the weight of 
the sides would be insufficient to prevent the bulging of the bottom ; and consequently 
the sides of the box would be lifted completely off the table, and it would, as it were, 
sway or roll about, being poised on the centre portion of the bottom. In other words, 
its merely resting or standing upon a firm and level foundation is no protection against 
the bottom bulging out, and so lifting the sides. This bulging is, of course, due to the 
fact that any hollow vessel subject to internal pressure tends to become a sphere. 



Digitized by 



Google 



STRAINS ON LARaE.-BURlFl£R3;:\-:/:. xox 

Now, a purifier is exactly analagous to the case cited. It is, comparatively speak- 
ing, a thin box ; and its sides, its top or cover, and its bottom have likewise a tendency 
to bulge out when subject to the pressure of the gas from within. In the case of small 
purifiers, we shall find that the tendency for the sides to lift is met entirely by the 
weight of the sides themselves. But in very large ones, it is not so ; for the weight of 
the sides does not increase in the same proportion as the area of the purifier is increased. 
It is evident that the bottom plates are not stiff enough in themselves to resist bulging 
downwards. They have, it is true, a series of little shallow girders, in the form of 
flanges ; but they are quite unequal to any excessive bending strain. Consequently, 
they are unable to transmit the entire, or any great proportion of the downward 
pressure of the gas, to the outer edge. Therefore, unless the weight of the side plates, 
&c., is sufficient to balance the upward pull of the cover, it is quite possible that the 
excess is more than the bottom plates are capable of resisting. 

The lifting forces acting vertically upwards are — 

1. The Buoyancy of the Gas. 
This is equal to the difference of the total weight of gas in the purifier and the air 
displaced. A purifier 40 feet square by 7 feet mean depth would contain 11,200 cubic 
feet of gas. The excess weight of 1 cubic foot of air over 1 cubic foot of gas at (say) 36 
inches pressure equals (say) 0-04 lb. ; therefore the lifting force due to buoyancy is 
11,200 X 0-04 = 448 lbs., or 4 cwt. This is a mere trifle ; and therefore the buoyancy 
may be disregarded altogether. 

2. The Lifting due to the Upward Pressure of tlie Gas, 
The total maximum lifting pressure in tons is equal to the area of the purifier in 
square feet multiplied by the depth of the lute in inches and by the constant 0*00233. 

Notes. — The area of the purifier (not the cover) is taken, because the pressure of gas down- 
wards in the lute (inside the cover) exactly balances the upward pressure on the part of 
the cover immediately above it. 

The depth of the lute is sometimes greater on the outside than on the in-ide ; in which 
case the greater depth must be taken. 
0-00233 is the weight in tons of 1 sq. foot of water 1 inch deep. 
This, then, may be considered as the only force tending to lift the sides, and through 
them the bottom plates. 

The resistance to this lifting may be enumerated as follows : — 

(1) As much of the dovmward pressure of the gas on the bottom plates, added to the 
iveight of the plates themselves, as the bottom plates will transmit, without undue 
strain upon them and bending. 
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To determine this exactly would be almost impossible, and quite unnecessary, as it 
can be solved very approximately in the following way : — Suppose the pressure per 
square foot is given, it is required to find the extreme length a cantilever can be 
made when subject to a uniform load of so much per foot of length, and having a depth 
equal to the thickness of the bottom plate, and a breadth equal to the width (say 60 
inches), and not to be strained beyond (say) one-sixth of the breaking weight. Allowance 
must be made for the flanges, by treating them as cantilevers, and combining them with 
the plate as shown below, which is sufQciently accurate for all useful purposes. 

The formula for a safe load on a cantilever under the above conditions is — 

W _ 2 K B D^ 
6 L 

where W = safe load in hundredweights = one-sixth of the breaking weight ; or 

d X 0*232 X -^ where d = depth of lute in inches. 
12, 

E = constant, 46 for cast iron. 

B = breadth, say 60 inches (ordinary size). 

D = thickness of plate, f or f inch. 

L = length required in inches ; or, in other words, the extreme width of margin 

all round the bottom plates, upon which the gas acts effectively in keeping 

the sides down. 

For strength of flanges, b = 1^ inches \ d =s 3 inches (average size). 

Then inserting the values in the formula, we get — 

Plate. Flange. 

^ ^ 92 X 60 X y , . 92 X V5 x 8^ 
6 X L "^ 6 X L 



860 207 __ 567 
L + L L 



^ W = ^ + ^ 



ue.,d X 0-232 x^ = ^ 
12 Jj 



T — aA67 X 12 _ 172 
' '^ d X 0-282 ^ VS ^^^ i-^^^^ thick plates ; and, by a 

194 
similar process, L = -j for J-inch thick plates. 
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The following table gives the distances L for pressures between 18 and 86 inches, 
and for bottom plates f or J inch thick. For convenience, L is given in feet : — 



L for g-inch Plates. 


L for i-inoh Plates. 


3*87 


8-81 


812 


8-63 


2-98 


8-80 


2-76 


8-11 


2-63 


2-96 


2-50 


2-81 


2-88 


2-70 



Depth of Lute, 
in Inches. 
18 
21 
24 
27 
80 



The resistance to lifting by the pressure of gas on the bottom plates is then 
obtained by multiplying together the factor L obtained from the above table, the length 
round the purifier (in feet), the depth of the lute (in inches), and the constant 0-00238. 
All the rest of the pressure of gas on the bottom plates is useless for resisting the 
lifting of the sides, as the plates are not strong enough to transmit it. 

(2) The Total Weight of the Side Plates {in tons). 
This is, of course, very easy to obtain when the section of the side plate is known ; 
but, as a very rough guide for immediate use, the following table may be sufficient : — 

Rule — Multiply the length round the purifier by the weight per foot in hundred 
weights (given in the table), and divide by 20, to bring into tons. 



Depth of Pnrifier, 
in Feet. 
4i 
6 
6 
6 
6 



Depth of Late, 
in Feet. 



Weight per Foot, 
in Cwts. 
2 .. .. 1-75 

2 .. .. 2-00 

2J .. .. 2-10 

2i .. .. 2-60 

8 .. .. 8-00 

Note. — The above weights include flanges, &c. 

(3) The Total Weight of Purifier Cover (in tons). 

This is likewise best obtained from the actual particulars of the cover, as the 
weight necessarily varies considerably with the design, depth, &c. A rough approxi- 
mation, however, to the weight is 1 ton for every 100 square feet of area of top. Thus, 
a cover having an area of 1000 square feet would weigh about 10 tons. 

(4) The Weight of the Water in the Lute, 
This is not very much. Multiply the depth of the lute by half the width (both 
in inches), and by the length round the purifier (in feet), and divide the result by 6180. 
The answer will be in tons. 
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(6) TJie Weight of Punfying Material (Liim or Oxide), with the Sieves and Bearing Bars, 
It would not be safe to take, as an average, more than 5 feet all round as resting 
upon the sides of the purifier ; the remainder being supported by the standards. To 
get the total pressure in tons, multiply the length round the purifier by the number of 
tiers of sieves ; then divide the result by ?0 for lime, and by 4 for oxide. 

Notes, — In teeting a purifier, probably there would not be any parifying materi al in it ; 
consequently, if it is to be tested to the full pressure, it must be made strong enough without 
any assistance from this source. 

It is obvious that it is impossible to give a rule for the weight due to the purifying material, 
(fee, to suit every case, as it depends upon the quantity ; but the foregoing is approximate, 
and has been adopted in the examples given further on. 

The " length round the purifier " has been takei round the inside of the side plates. This 
is not strictly correct, but sufficiently near. 
The sum of all these five resistances must be subtracted from the total upward 
pressure or lifting force. The difference (if any) will be the amount of lifting force to 
be resisted in some special manuer ; otherwise the bottom plates will be destroyed. 

All that is required to withstand this resultant lifting force is a few holding-down 
bolts well anchored into the foundations, and spaced at equal distances apart around 
the outer edge of the purifier. Of course, a sufficient weight of foundations must be 
commanded by the bolts, to withstand the upward pull they are required to resist. 
If, however, the purifier rests upon joists or girders, the outer edge should be firmly 
bolted to those joists which run across and under the purifier. The girders would 
then form a great resistance to the bulging out of the bottom plates. 

Note. — In any case, the girders must be strong enough to resist the bulging of the bottom 
from pre/tsure of gas, irrespective of the dead weight of the purifier they have to carry. 
A few examples will make the foregoing remarks quite clear. 
It is required to determine whether holding-down bolts are necessary for a purifier 
20 feet square, 5 feet deep, with lutes 2 feet deep by 6 inches wide ; and, if so, what 
upward pull they will have to resist. 
The total lifting force is — 

20 X 20 X 24 X 000233 rr (say) 22 tons. 

The resistances are — 

(1) Pressure on bottom = 20x4x3x24x 000233 = 13'4 tons 

(2) Weight of Bides = 20 X 4 x 2 -i- 20 = 8'0 „ 

(3) Weight of cover = 20§ x 20J -j- 100 = 4*2 „ 

(4) Weight of water =24x3x20x4— 5180 = M „ 
(6) Weight of lime =20x4x5-i-20 = 20*0 „ 

Total =46-7 tons. 

Showing clearly that no holding down is required, even if the weight of purifying 
material be omitted. 
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Now take a purifier 80 feet square, the same depth of side plate, but the lute 
to be 6 inches deeper. 

The lifting force equals — 

30 X 30 X 30 X 00233 = (say) 63 tons. 

The resistances are — 

(1) Pressure on bottom = 30 x 4 x 27 x 30 X 000233 = 22* 12 tons. 
(2j Weight of sides = 30 X 4 x 2'1 -J- 20 = 1260 , 

(3) Weight of cover = 30i X SOi t- 100 = 9*30 „ 

(4) Weight of water =30x3x80x4-f- 5180 = 210 „ 

(5) Weight of lime =30x4x5-^20 = 30*00 „ 

Total =7612 tons 

This shows that for the above purifier no bolts are required to keep the sides 
down, under the greatest pressure that can possibly be put upon it when in action ; 
but it would not be safe to test it to the full pressure before putting the lime in, as it 
would certainly lift at the sides, and in all probability fi*acture the bottom plates. 

As another example, take a still larger purifier — say 40 feet square, 6 feet deep, 
lutes 86 inches by 8 inches, six tiers of sieves for lime. 

The lifting force will equal — 

40 X 40 X 36 X 000233 = 1342 tons. 

The resistances will be — 

(1) Pressure on bottom = 40x4x2-7x36x 0-00233 = 36*2 tons. 

(2) Weight of sides = 40 x 4 x 3 -f- 20 = 20*4 „ 

(3) Weight of cover = 40 x 40 -r 100 = 160 „ 

(4) Weight of water =36x4x40x4-f- 5180 = 4-4 „ 

(5) Weight of lime = 40 X 4 x 6 -^ 20 =480,, 

Total =128-6 tons. 

Showing a resultant lifting force of about 6 tons when the purifier is charged with 
lime, but more than 50 tons if the purifier is to be tested to 30 inches of pressure 
before the lime, &e., is put in. The bottom plates might stand the 6 tons extra strain, 
but they would certainly yield under the 60 tons. Therefore holding-down bolts must 
be used, or the purifier must not be put to the full test till after charging. In the 
above example the weights are for the most part very heavy. If lighter side plates 
and cover were used, and fewer tiers of sieves, it is evident that holding-down bolts 
would be necessary under any circumstances. 

Local Strains on the Bottom Plates. 
Unless the flanges on the bottom plates are internal, and bed all over the 
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bottom upon the foundations, each of the plates will be subjected to strain, indepen- 
dently of the lifting of the sides, and must be considered as a plate supported all 
round, and subject to a uniform pressure. 

The following formulaa apply : — 

For square plates, ^^^^ = t. 
30 

For rectangular plates, V 7g^r^^= *' 

As the second formula is clumsy, the following approximation may suffice (it errs 
on the safe side) : — 



Vrf X 6« _ , 

— 27 *• 

If, however, the plate is almost square, it will be best to use the formula for square 
plates. 

If it is wanted to determine the span^ a square plate can be made of a given 
thickness; then /^ = I. 

In the above formulsB — 

d = depth of purifier lute in inches. 

I = length of plate in inches. 

b = breadth of plate in inches. 

t = thickness of plate in sixteenths of an inch. 

These formulsa allow the i^aterial to be strained to only about 1 ton per sq. inch. 
The thickness, however, should never be less than f inch, for practical reasons. 

The better plan is to have the flanges inside ; for although with flanges under- 
neath there is the advantage of a clear floor to the purifier, yet there are many 
disadvantages. They are not so easy to get at to fix the bolts ; the plates are not 
so easy to extract if by chance one should be broken ; they are not so strong to resist 
the lifting of the sides as when the flanges are uppermost ; they do not bed so well on 
the foundations, as they are only supported at the flanges ; and to have the purifier 
the same depth inside, the side plates must be some 8 or 4 inches deeper than 
with internal flanges. 

In concluding this article on the bottom plates, it may be mentioned that the 
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above rules are as applicable to round as to rectangular purifiers, except, perhaps, 
that there is a little more resistance offered by the bottom plates in the round purifier. 
For all practical purposes, however, they may be treated alike. 



Part H.— THE STRAINS ON THE SIDE PLATES. 
The side of a purifier may be looked upon as the side of a shallow box subject to 
great internal pressure. The strains upon the side plate are due (1) to the great 
upward lift of the cover, owing to the pressure of gas over the entire top, and the 
correspondingly great resistance acting downwards ; (2) to the pressure of gas acting 
directly upon the side plate ; and (8) to the pressure of water acting horizontally upon 
the front of the lute. 

The first of these forces produces great tension in the side plate, coupled with a 
tendency to open out the comers of the lute and straighten the side, as shown in the 
accompanying diagram, fig. 1. The two latter forces produce a bending strain 
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tending to break the side as a beam, as well as to rack the comers of the lute, in the 
manner shown in fig. 2. 
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The side of a purifier is supported along the top edge by the purifier cover ; along 
the bottom edge, by the bottom plates ; and the two ends, by the adjacent sides. 

Note. — The cover can only support the side through the grip of the fasteners. This, 
however, is quite sufficient, as the great upward pull causes much more frictional resistance 
to the plate sliding out than is necessary to withstand the side pressure. 

But if the side of a purifier bo very long compared with its depth (as it would be 
in a very large purifier), no account can be taken of the support at the ends, for the 
simple reason that the deflection transversely or across the plate, due to the side 
pressure, would have to be so great that the plate would break long before sufficient 
deflection took place in the other direction to throw any pressure upon the two ends. 

This may be proved by finding the breaking strain by the formula for a long oblong plate 
supported all round the edges, and then comparing it with the result obtained by considering 
it as simply supported on two sides. The results will be found almost identical. 

Note. — I am aware that the bottom of the lute stiffens the side a great deal, and, as it 
were, acts the part of a long stiffening girder, and therefore would not deflect so much as the 
thin plate before it could be said to offer resistance. Still, even then, in a very long side, such 
as 40 feet, a girder 7 or 8 inches deep running its entire length could offer but very little 
support to the middle plate in the side. 

Those plates nearest the ends get support by reason of their connection with the 
adjacent sides ; but as the centre of the side is approached the support becomes less 
and less, till it is practically nil. The middle plate in the side is therefore the most 
severely strained. 

For the foregoing reasons, then, the middle plate only, bearing its share of the 
forces, is considered in this article. Also the width of the plate has been taken at 
5 feet ; this being the most common size. But, of course, it is easy to modify the 
formulae, &c., to suit any width. 

The following is a simple rule or formula which can be readily applied, and is suffi- 
ciently accurate for all ordinary purposes. It has been tested by a much more exact 
method of determining the strains on the side plates, and was found to be very approxi- 
mate. The exact method would be much too tedious and abstruse for ordinary purposes, 
especially as experience has already determined the best proportions and strength of 
side plates for any of the ordinary sizes. It is only in very large purifiers that it 
would ever be found necessary to calculate the strains. 

Formula to find the Strain on a Side Plate of a Large Purifier, 
Referring to fig. 8 (p. 107), let— 

d = head of water in lute, corresponding to pressure. 
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a = height of inside level of water from the bottom of purifier. 

ic = depth from top of lute to point where the strain is required ; the 
weakest point is (say) 8 inches below the lute. 

y = distance from this point down to bottom. 

D= total depth of purifier. 

C= constant, varying according to the section of plate, and to be obtained 
from the table below. 

P= total upward pull of cover. This may be taken as equal to the area of 
the cover (top) in square feet, multiplied by the pressure of gas in 
hundredweights per square foot ; then deduct the weight of the cover 
itself, and divide the result by the number of fasteners. 

S= strain upon plate in hundredweights. 

Then— 

^ _ (O'O l X a ^d x) + (Q'OOG xd^y) 

^ = ^+ DlTG 

After finding S, it must be compared with the resistance to rupture R in tlie fol- 
lowing table, opposite the proper section of plate. Then, if S is more than one-sixth 
of R (supposing d to have been taken as the ordinary working pressure), or if it 
exceeds one-fourth of R (taking d as being equal to the depth of lute), then the section 
is not strong enough as it is, and either a stronger section should be substituted, or 
ties should be put in the purifier from side to side. 



Thickness of Plate. 


Size of Flange. 


Constant C. 


Besistance B. 


In. 


In. In. 








3i X J 


2-527 


635 




25 X 2 


1-920 


672 




22 X i 


2070 


473 




2i X i 


1-740 


546 




2i X i 


1-840 


461 




2i X i 


l-fi80 


448 



Notes, — In this table the size of the flange does not include the thickness of pl&te, but 
the projecting part only. The constant C is the centre to centre of the resistances to 
compression and tension for the different sections. In the formula all dimensions must be 
taken in inches^ unless otherwise stated. The forces acting upon the plate have, with the 
exception of P, been embodied in the formula in the terms of the head of water d. It 



may be added, in explanation of the formula, that — 



0001 + a^dx 



DC 



gives the strain due 



to the pressure of gas on the side ; and ^^^^ the strain due to the pressure of water 

D G 

on the side of the lute. P, S, and B are each expressed in hundredweights. 
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An example should make the above quite clear. 

Let rf=24m., a=36in., x = 83in., y=27in., D=60in., = 2-07in. (for plate 
fin. thick, flange 2 J by fin.), P=(for a purifier 80 feet square) say 84 cwts. 

Then 8 = 34 4- ^^'0^ x 96^ x 24 x 38) + (0-006 x 24« x 27 ^^^^ 

60 X 2-07 

This compared with the resistance B = 473 gives 3*53 as the fiactor of safety. If, 
then, 24 inches be the ordinary working pressure of the purifier, it would be advisable 
to strengthen the side by introducing ties. For this purpose the bearing bars can be 
utilized. 

Li conclusion, the following remarks may be worthy of special notice : — ^It is often 
thought that the weakest point in a side plate is at the outer angle of the lute ; but it 
is not so. It can be proved, indeed, to have but very little strain upon it. By referring 
to figs. 1 and 2, it will be seen that the effect of the vertical forces, as regards the 
racking of the outer comer, is met by the horizontal forces tending to rack the comer 
in the reverse direction. In fig. 1 the angle e is obtuse, but in fig. 2 it is acute. 

The most oppressed part of the plate is undoubtedly just below the inner angle of 
the lute (see T, fig. 3). This is likewise evident by a glance at figs. 1 and 2. The 
angle/ in both cases being obtuse, shows that the strain on the inner angle of the lute, 
produced by the horizontal and vertical forces, is of like kind ; and, therefore, instead 
of having a contrary effect, they help one another. It is well that it is so, as' the 
plate can be strengthened in this place by strong, deep brackets under the lute. 

Beiiabks on Bound Purifiers. 

The strains on a round purifier of the same depth are much less than on a rectan- 
gular one of the same capacity. 

It may be treated, for the horizontal forces, like an ordinary circular tank. The 
vertical forces cause tension in the plate vertically, and at the same time throw a com- 
pressive strain horizontally, due to the plate resisting any inward pressure as an arch. 

The above added to the weight being less, form perhaps the only advantages of a 
circular purifier. 

On the other hand, there is much to be said in favour of rectangular purifiers ; for it 
must be remembered that it would be impracticable to cast a round purifier 6 feet deep 
and 8 feet lutes of less thickness than f -inch, although ^-inch might do if merely standing 
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the strain was all that had to be considered ; indeed, it would rarely happen that the 
thickness or weight of a side plate for a round purifier would be less than for a rectangular 
one of the same capacity ; but there would be less of them. 

In a round purifier the bottom plates are awkward to make, especially if they have 
planed joints and so many different patterns required. 

The work of planing the sides, as well as the bottom, is also more. 

The cost of making the patterns for the side plates is more, owing to the curved 
form. 

It is difficult to fit together, to make the circumference exactly right to suit the 
bottom plates and make the holes come in. 

The sieves are all sizes and shapes, and the position of the lugs on the side plates 
for carrying the bearing bars are almost all different, and so necessitates much alteration 
to patterns. 

The bearing bars are of odd lengths. 

A row of round purifiers require a much larger house than a set of rectangular 
purifiers of equal capacity — owing to the vacant corners between them. 

The lifting gear must also be wider ; and if a fixture to the purifier, it is more 
expensive. 

The work is much more expensive in the round cover than in the simple rect- 
angular one, although the former may be lighter. 



PART m.— THE STRAINS ON THE COVER. 

Purifier covers are of such variety that it is scarcely possible, within the compass 
of the present paper, to deal separately with every form of construction. The subject 
is therefore treated somewhat generally ; but the few examples that are noticed in 
particular may, with judgment and a little modification, be sufficient to indicate the 
method of fiinding the strains on any other cover of a different design and shape. 

Covers may be classified as follows : — (1) As regards general form, they may be 
either square, rectangular, or round. (2) The top sheeting is either riveted to the 
rafters or loose. (3) The top is either flat, arched, pyramidical, or spherical. (4) The 
rafters and trussing may be either outside or inside the top sheets, or partly out and 
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partly in. (5) The cover is held down at close intervals all round, or only at the 
comers. (6) It is lifted either from the two sides or ends, or from the centre. 

I can do little more than indicate in outline the course to be pursued in determining 
the strains, which it is evident vary according to all the varying conditions mentioned 
above. 

There are two positions to which all covers are subject, and which set up entirely 
different strains — viz., (1) when the cover is fastened down and the pressure of gas is 
upon it ; (2) when the cover is Hfted and held in suspension from one or more points. 

The form of cover most frequently adopted for very large purifiers is the square or 
rectangular, having an arched top thus — 




Fig. 1. 



Stretin on Top Sheeting and Curb. — ^If the sheeting be loose — t.^., attached to the 
curb only — the tensile strain on the sheets, as well as the pull on the curb, can be 
found by the following formula : — 

(a« + b') p 



2b 



= S (1) 



Where S = the actual tensile strain per lineal foot in pounds. 
a = half the span of cover in feet. 
b = the rise of arc in centre in feet. 
p = the pressure of gas in pounds per square foot. 

Note. — It win be found that the strain is considerable, especiaUy if the fuU depth 
of the lute be taken as the pressure ; and it depends very much upon the *♦ rise " of 
the arc (6). The greater the rise, the less will be the strain upon the sheeting and 
cuibs. 

If the safe strain (S) on the sheets through the joint has been fixed upon, and 
it is required to know the minimum rise (b) that can be given to the cover without 
exceeding this strain, the following formula will determine the rise : — 

S-^S'-"'^' = J (2) 
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If the rise (b) and safe strength (S) be known, and it is required to find the maximum 
span {2a) without exceeding the strength of the sheets, then — 



, ^26S-6> ^ (8) 

Strain on Curb. — As before stated, it can be found by formula 1, which gives the 
pull per foot of length. This multiplied by the length of side would give the total pull 
for the entire length. 

It can be resisted (1) by making the curb strong enough to resist the transverse 
strain as a horizontal girder the full length of the cover, independently of any assistance 
from rafters, &c. ; or (2) it may be made strong enough to resist the pull between two 
rafters or struts only ; or (3) the strain may be divided between both rafters and curb. 

The first plan would be too heavy and costly. The second would not do, as the 
curb would not stand the strain upon it when the cover is lifted. Therefore the third 
plan is best ; although, perhaps, it is advisable to make the struts or rafters strong 
enough to take the entire pull, and make the curb equal to the strain upon it when the 
cover is lifted. 

Strain on Bafters, — The rafters act the double purpose of supporting the sheets 
when required, and of struts to prevent the top curb pulling in. A mere J-i^on trussed 
with light rods, although amply strong enough to carry the weight of the top sheets, 
is certainly insufficient to resist great end-thrust. 

The exact amount of thrust is the horizontal component (c) of the pull of the sheet- 
ing at the curb, as shown by fig. 2 — 



f 




Fig. 2. 



Here / is the holding-down force ; a is the pull of sheet — viz., S (formula 1) 
multiplied by the space between the rafters (in feet). The resultant force on the rafters 
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is horizontal (c), not inclined upwards ; consequently, with an arched J-iron only, there 
is great tendency to bend upwards thus — 



Fig. 3. 

In a large cover, a series of strong double-flange girders should be put across, 
having either a thin web-plate or close cross-bracing. These should be further stiffened 
by purlins running at right angles to them along the top, and secured to each. There 
should also be ties connecting all the bottom flanges of the girders running from end to 
end of the cover, to prevent them twisting out of shape sideways. The bottom flange 
should be stronger than the top one, as it takes the direct horizontal thrust. 

When the sheeting is riveted down to the top framing, the strains are quite different. 
The curb is then relieved of almost all the strain ; there being scarcely any pull upon 
it, unless the rafters bend upwards and pull it in. There is no end thrust upon the 
rafters from the pull of the sheeting. They act as a long girder, uniformly loaded, 
and may be treated as such by the ordinary formulsa. The bottom flange should be 
stronger than the top one, because the top one obtains strength from the sheeting 
being attached to it. The distributed load is the pressure of gas per square foot 
multiplied by the length of rafter and by the space between them ; and the weight of 
the rafter and the area of sheeting over it should be deducted from this, ,to give the 
exact total distributed load on the rafter. The load acts upwards. 

The strain on the top sheets depends upon the distance between the rafters, and the 
amount the sheets will bulge upwards under the pressure. In this case the top 
assumes a series of little arches ; the rise of each being very slight. Formulas 1, 2, 8 
will solve all questions with regard to strain, except that a must be taken as the dis- 
tance between the rafters. 

Square or Rectangular Covers with Spherical Tops. — Sometimes the top is arched 
both ways. It then approaches the spherical form. There is probably a little less 
strain upon the sheeting and curb. The curb is pulled at on all four sides, to an equal 
extent ; whereas only two sides of the arched top cover get the bulk of the strain. 
This form of cover is well adapted for lifting in the centre. It is obvious that this 
cannot be done with the crown arched only one way. There are comer rafters as well 
as cross ones in large purifiers. Perhaps the greatest objection to this shape is the 
difficulty of construction ; the rafters having to be bent to various and varying arcs, 
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*and it is awkward for sheeting. The top cannot be made the true sorfiace of a sphere 
without arching all the four ddes^ which, of course, is never done. 

The strain on the sheeting may be found as follows : — 

(^l^)=S (4) 

2 8 - ^— ^ ^-^ = 6 (6) 



V 



^ =2a (6) 



In the above formulas, a must be taken as half the distance across the comers of the 
cover. All the other letters are as before employed. 

Bound Purifier Covers. — Formula 4, 5, and 6 are applicable to the spherical tops of 
round purifier covers. In a round cover the raffcers are arranged radially, meeting 
in the centre, similarly to a gasholder top. The pull of the sheets is easily resisted 
by a strong top curb, the compressive strain on which is given by the formula — 

[a'-h')p'^ = C (7) 

8 h 

Where D = diameter of cover, in feet. 

G = actual compressive strain on the section, in pounds. 

The curb row of plates aid the top curb in resisting compression. There is very 
little end-thrust upon the rafters in such a case — ^their duty being to support the sheets 
when the purifier is out of use, and there is no pressure within, and to take also the 
bending strain due to lifting the cover in the centre. If, however, the sheets are 
riveted to the rafters, there is considerable bending strain upon them, due to the trans- 
mitted pressure of gas. 

It must be noted that the pressure on the rafter from this cause is not uniformly 
distributed. The pressure in the centre is nil^ and gradually increases as it nears the 
curb, thus — 




Fig. 4. 

I 2 
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The strains caused by lifting in the centre are considerable. Diagonal rods taking 
hold about half-way down the rafters, and meeting together in the middle, are perhaps 
the best plan. (See fig. 5.) 

The strain is somewhat complicated. There is bending at A and A ; between A 
and B there is tension ; and from A to C there is compression. The rafter must be 




Fig. 5. 



trong enough at A to resist the bending due to the weight of the sides acting at 
the end of a cantilever A B long. The attachment to the curb at B must be strong 
CO resist the puU. 

The thrust on A C=i^ 
ne 

W Q 

The pull on the lifting-rod g = — 

Where w = total weight of cover 
n = number of lifting-rods. 
There should be several lifting-rods ; and, in determining the section, not more 
than 8 tons per square inch should be allowed, as it is difficult to get all the rods to 
take an equal share of the work. 

Flat Tops. — If a cover has a flat top, or is made up of a series of flat surfaces, 
when the pressure comes upon them they will swell out. The rise they wiU assume 
can only be guessed at, as it depends so much upon the slackness of the sheets and 
the extent of the unsupported area. 

In a square cover with loose flat top, formula 4 can be used ; assuming a reason- 
able rise, and taking a as being equal to half the distance across the comers. If the 
top be pyramidical, thus — 




Fia. 6. 
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ea>ch of the surfaces can be treated separately, taking the rise and span as judgment 
directs. This latter form is excellent for covers up to about 24 feet square, and lifted 
in the centre. 

Outside Rafters. — Some covers have the rafters outside, in which case the sheets 
are always riveted to them. An advantage is that there is very little strain on the 
rivets. Perhaps the chief objection is that they make the cover deeper over all, and 
so require more lifting space. 

Strains on the Sides of Covers, — The sides are not only subject to severe strain when 
lifted, but also from the pressure of the gas when at work. Fig. 7 regresents the side 
under pressure — 



PS 



V^ 



^p' 



Fig. 7. 

In this figure, p is the pressure of water on the outside, acting at two-thirds the 
distance from the top of d; p' is the resultant pressure of the gas on the inside, a>cting 
at half the distance, d'; p' is equal to the length of the side, multiplied by the depth 
d' (both in feet), and the pressure of gas per square foot in pounds. This is met by 

the pressure of water on the outside (viz.,— multiplied by length of side and 62^), 

and the resistance of the side to bending outwards. Then p, multiplied by its distance 
from the top curb, must be subtracted from the moment otp' about the same point ; and 
the result will be the bending moment outwards. 

Though this bending moment is slight in most cases, yet, when the cover is a large 
one with deep lutes and high pressure, it has a strong tendency to bend the bottom edge 
outwards. The ways of resisting this are as follows : — (1) Strong bead or bottom curb. 
(2) Thick side plates, well attached to the top curb all along. (8) Ties running right 
across the cover, connecting the arched ends, as low down as the side plates will admit 
of. (4) Wedging tightly down by fasteners, so as to cause frictional resistance, at the 



Digitized by 



Google 



iiS STRAINS ON LARGE PURIFIERS. 

bottom of the late, to slipping out. (5) Vertical stififeners or uprights firmly fixed to 
the top curb and top sheets, and riveted to the sides and bottom curb. These stiffeners 
are most essential in a very large cover, to preserve the side firom twisting when the 
cover is lifted, as well as for the above purpose. 

Fasteners should be placed as close together as convenient. Having only a few 
&steners is bad, as it not only throws great strain upon the cover and the fasteners 
themselves, but also upon the purifier ; and this, being of cast iron, should not have 
the strain concentrated in a few spots, but distributed uniformly all round. The lift 
on one feistener, when they are placed at equal distances apart for a cover arched one 
way, is equal to the total upward lift of the cover divided by the number of fasteners 
on the two sides only. The end fasteners have much less strain. If the cover has a 
spherical top, or one sloping equally on all four sides, the total lift may be divided by 
all the fasteners, to get the strain on one. It is important that fasteners should be 
very strong, and take well hold of the side plate of the purifier, because if a few fail, 
a great deal of damage may be done to the purifier plates by the others breaking 
away. 

Lifting should be done from two points on the two ends of a rectangular purifier, 
in preference to the two sides ; as the overhanging part is shorter, and consequently 
there is less strain upon the side. For the same reason, the lifting eyes should be as 
tax apart as possible, The strain may be found by treating it as a girder supported at 
the centre, uniformly loaded, and with the weight of the sides of the cover hanging on 
the extremities. 

The cover is frequently lifted in the centre ; in which case it is best to have long 
truss-rods from each comer, and meeting in the centre with a truss-cup or bolt. The 




Fig. 8. 



cover should have comer rafters. The strain on the rods and rafters can be found 
thus — 



f^ . - w a 

Stram on rod = -j — , tension, 

w b 
Strain on rafter = -r — , compression, 

4 c 
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where w = weight of cover, and a, 6, and c the length of each respectively. 
(See fig. 8.) It will be noticed that there is considerable strain upon the comer 
rafters. This is, however, partly met by the top curb. When there are no comer 
rafters, the compressive strain is split up in two directions (at each comer) along the 
top curb. When a cover is lifted from the centre in this way, there is less strain upon 
the sides, as they are supported at each end, and only have to carry the intermediate 
uniform load. 

In conclusion, it must be borne in mind that, although theformulsB, &c„ contained 
in these articles provide for the actual strains upon the stracture, yet it may be neces- 
sary, for other and well-known practical reasons, to increase the sectional areas and 
thicknesses, in some instances, beyond that which would be required merely to resist 
the strains. 
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